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ABSTRACT 
The adoption of stream standards, whether for direct application or for the establish-
ment of realistic effluent standards, creates a need to predict the impact of pollution loads 
on river water quality during critical flow periods or as the result of future user demands. 
Because of the complexity of aquatic systems, mathematical models are an excellent 
medium for bringing together the state-of-the-art knowledge from a variety of disciplines 
into a form which can be readily applied to practical problems. Applying a mathematical 
model to a river system has the added advantage of providing a structure for the 
systematic consideration of the many diverse aspects of water quality phenomena. 
This report describes the development of a river simulation model (QUAL-U) for 
predicting water quality and its preliminary application to the Weber River drainage basin 
in northeastern Utah. The model involves the numerical solution of a set of differential 
equations representing the aquatic system under steady state conditions. The develop-
ment and use of a second model which provides the flow boundary conditions for the first 
model is also described. This model is a simple interactive procedure for obtaining flows at 
specified locations on the river system given the measured flows at other locations and 
typical flow ranges of headwater, diversions, surface and subsurface lateral inflows, and 
point loads. 
Previous river water quality models are reviewed and the structure of QUAL-U is 
presented. The economic and physical characteristics of the study area are described and 
the Weber River system is represented by subbasins, reaches, and computational units. 
Model calibration was based on water quality data collected at over eighty sampling loca-
tions in the study area during a four day period in September, 1973. Each of the sampling 
points was subsequently surveyed to obtain representative hydraulic characteristics for 
each reach of the river system. Coefficients for the mathematical equations representing 
hydraulic characteristics and chemical and biological reactions were estimated and 
adjusted during the model calibration procedure until model responses satisfactorily 
resembled the observed data. Results for the calibration period and also for studies 
involving critical low flow conditions are described and model limitations are considered. 
The work on which this report is based was performed for the State of Utah, 
Department of Social Services, Division of Health as part of a Waste Load Allocation Study 
on the Weber River. The scope of this project provided only for supplying the calibrated 
model to the client and does not include predictive runs or interpretation of management 
alternatives. 
Keywords: mathematical models, simulation, systems analysis, water pollution control, 
water quality, water quality standards, water resources management. 
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CHAPTERl 
INTRODUCTION 
Water As An Important State Resource 
The average annual precipitation for Utah is 11.5 
inches and most of the state is arid. Crop land is 
re tricted to about 4 percent of the total land area 
because of widespread salty and alkaline soils and the 
lack of readily available water. For these reasons, the 
storage and efficient utilization of the limited water 
supply has been a primary consideration of the 
citizenry since the arrival of the first permanent 
settlers. 
Climatic conditions vary considerably. due to 
differences in latitude and elevation. Three major 
physiographic divisions are found in Utah; the 
Colorado Plateaus, the Great Basin, and the Middle 
Rocky Mountains. The Colorado Plateaus in the 
southeast encompass approximately two thirds of the 
state's total area. They are mostly drained by the 
Colorado River and are characterized by deep 
canyons, brilliantly colored cliffs, and high plateaus. 
The Great Basin extends into the western portion of 
Utah and includes somewhat less than one-third of the 
state's total area. It is without an outlet to the sea and 
is characterized by deserts, dry basins, mud flats, and 
salt flats. The Great Salt Lake, at an elevation of about 
4,200 feet, is the final receiving water body for much 
of the basin's drainage. The Colorado Plateaus and the 
Great Basin are generally arid areas receiving an 
average of 8 to 16 inches of water per year depending 
primarily on elevation. Extensive areas of both 
divisions receive less than 8 inches of precipitation 
per year. Isolated high mountain masses are local 
areas of increased precipitation in the arid 
surroundings. 
The Middle Rocky Mountain division extends into 
North-Central Utah and includes two major mountain 
ranges, the Wasatch and the Uinta, which have peaks 
from 10,000 to 13,000 elevation. This region receives 
most of the state's precipitation with an average of 16 
to 50 inches per year. Approximately 75 percent of 
this is in the form of snow. The storage and 
subsequent distribution of the spring runoff provides 
the water supply for most of the state's popUlation, 
industry, and agricultural acreage. 
Demands for water in a river basin usually 
develop over a long period of time. When a relatively 
1 
small population utilizes the water, the various 
beneficial u es to which the water is applied have little 
effect on each other. That is, there is ample water to 
sati fy the increasing demands of each sector of t he 
economy independently of all other sectors. However, 
as populations increase and there is a corresponding 
increase in water demand the nature of the demand 
becomes more diversified, and conflicts (externalities) 
arise among the various users. Each user becomes 
competitive for enough water of suitable quality to 
satisfy his own particular needs. Eventually it 
becomes necessary to establish institutions with 
basin-wide authority to police water rights and to 
maximize total water availability and beneficial uses. 
The maximization of usable water availability has 
been effectively accomplished in the past by reservoir 
and canal construction largely through the efforts of 
the federal government. However, increasing water 
supply by reservoir construction in a basin eventually 
reaches the limit of diminishing returns and 
alternative methods for providing adequate water 
supply must be adopted. One such method is to main-
tain water quality in the river at a sufficiently high 
level so that the water can be used sequentially by as 
many downstream beneficial uses as practical. 
Each beneficial use requires a particular quality 
of water at the point of application. If concentrations 
of specific constituents in the water exceed maximum 
acceptable levels, then the water is "polluted" for that 
specific use. "Pollution" is, therefore, a relative term 
which may be associated with one or more of a variety 
of water quality constituents depending on the 
beneficial use for which the water is to be applied. By 
establishing "stream standards" (i.e. by specifying 
maximum concentrations of constituents which will be 
allowed in the river), the water can be used again and 
again by downstream users thereby obtaining a high 
level of utilization of the limited resource. The stream 
standards necessary to prevent pollution may change 
from river to river or even along a single river 
depending on the beneficial uses existing or planned 
downstream. Some of the most stringent standards 
are associated with recreational and aesthetic 
acceptability. One of the characteristics of this method 
of increasing the effective water supply is that each 
water user is faced with a cost for cleaning up his own 
waste before discharging into the river. 
The various constituents in waste discharges 
have different effects on the receiving stream. 
Limited amounts of certain kinds of constituents will 
be eliminated in time by natural processes in the river. 
The extent to which this removal occurs is referred to 
as "assimilation capacity" and varies from river to 
river. Some constituents have indirect effects on the 
water quality by triggering a chain reaction through 
the ecosystem which ultimately leads to a state of 
pollution. The biochemical-physical interactions in 
aquatic systems are extremely complex and are not 
well understood; so it is difficult to predict the indirect 
impacts t hat increases in constituent's concentrations 
or introduction of new constituents would have on the 
ecosystem. Man is faced with an environmental 
predicament which Bella (1974) has stated as: "man's 
ability to modify the environment will increase faster 
than his ability to foresee the effects of his activity." 
Although water quality is improved in some 
situations by establishing stream standards, problems 
associated with their use cannot be ignored. In the 
fi rst place t here is a great deal of uncertainty 
associated with specifying allowable concentrations 
for specific constituents because of incomplete 
knowl edge about the ecosystem responses. In 
practical applications, only a reasonable number of 
standards can be specified, monitored, and enforced. 
But each river has unique characteristics, and a 
standard which is suitable in one case may be entirely 
inappropriate in another. The problem is compounded 
because consideration is too frequently limited to 
system properties which can easily be subjected to 
analytical decomposition and quantifiable measure-
ments, even though some less distinguishable 
properties may have greater indirect impacts. 
Specifying stream standards establishes the 
"legal" carrying capacity of a river which mayor may 
not coincide with its natural assimilation capacity. In 
the case where legal car rying capacity exceeds natural 
carrying capacity the use of legal carrying capacity 
will involve less t reatment at the point of discharge 
with a commensurable savings in treatment costs. 
There is, therefore, significant economic pressure for 
maximum utilization of the river as a treatment 
process. The evident danger is that as population 
increases in t he future the state's water bodies will be 
degraded to some statewide, uniform standard of 
mediocrity. In recognition of this danger, t he state has 
established an anti-degradation policy: waters whose 
existing quali ty is better t han the established 
standards will be maintained at high quality unless it 
has been affirmatively demonstrated to the state that 
a change is justifiable as a result of necessary 
economic or social development and will not preclude 
present and anticipated use of such waters. 
2 
The application of stream standards establishes a 
need to predict the impact of pollution loads on river 
water quality during critical flow periods or as the 
result of future growth. Because of the complexity of 
aquatic systems mathematical models are useful tools 
for this purpose. Models are excellent mediums for 
bringing together the state-of-the-art knowledge from 
a variety of disciplines into a form which can be readily 
applied to practical proble~s. Applying a mathe-
matical model to a river system has the added 
advantage of providing a structure for the systematic 
consideration of the many and diverse aspects of 
water quality phenomena. 
Objectives of the Study 
The overall objective of this study is to apply a 
mathematical model to the Weber River Basin for the 
purpose of estimating the impact of various point 
sources of pollution on the water quality. The model 
will utilize state-of-the-art techniques to simulate 
river assimilation capacity for a variety of 
constituents. 
The Weber River Basin lies in the relatively 
water-rich Middle Rocky Mountain division of Utah. 
The river system, including the Weber River and the 
Ogden River, drains the eastern slopes of the Wasatch 
Mountains near Ogden, Utah, and the slopes on the 
Western end of the Uinta Range as shown in Figure 1. 
The Weber and Ogden River converge near Ogden, 
the second largest city in Utah, and then empty into 
the Great Salt Lake. The rivers and associated reser-
voirs are used for a variety of beneficial uses including 
municipal, industrial, agricultural, and recreational. A 
significant amount of water is diverted from the basin 
for use in other populated areas by the Weber-Provo 
Canal. the Weber-Davis Canal. and the Ogden-Brig-
ham Canal (Figure 2). Because of the diversified uses 
of the water and the rapid growth and development in 
the basin. it is important that water quality 
management plans be developed and implemented to 
insure that the water quality is not degraded below 
desirable standards. 
This study is part of the water quality 
management plan for the Weber Basin in compliance 
with the Federal Water Pollution Control Act. 1972 
Amendments as Section 303(e) plans. Its purpose is to 
develop and apply mathematical models to estimate 
flow and to describe the water quality characteristics 
in the main channels of the river systems. After the 
models are developed and tested, they are to be 
supplied to the State Bureau of Environmental Health 
for specific application. The objectives of the study can 
be itemized as follows: 
Fig. 1 Topographical map of the Weber River Drainage Area. 

Fig.2 General map of the Weber River Basin. 
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1. 
2. 
3. 
Develop a mathematical model for esti-
mating flows at sampling locations given 
at USGS gaging stations. 
Modify the QUAL (Texas Water Develop-
ment Board, 1970) water quality model as 
necessary to represent the following water 
quality constituents: 
1. Total dissolved solids 
2. 
3. 
4. 
5. 
6. 
7. 
Total coliform 
Available phosphate 
Biochemical oxygen demand 
Ammonium 
N itrate-nitrite 
Dissolved oxygen 
Provide a segmented layout of the river 
system as necessary for the model. 
4. 
5. 
Estimate coefficients representing flow 
related characteristics for each reach in the 
river system. 
Estimate coefficients representing chemi-
cal and biological reaction rates for each 
reach in the river system. Calibrate the 
model so that model responses conform 
reasonably to observed data. 
6. Provide a final report and assistance to the 
contractor for operating the model. 
The work covered by this report represents a 
preliminary application of the QUAL model to the 
Weber River Basin. The model was calibrated using 
field data obtained in September, 1973, which does not 
necessarily reflect all of the important mechanisms 
influencing water quality during critical periods. To be 
a reliable tool for water quality management. the 
model should be refined, calibrated for data obtained 
during summer low-flow conditions, and verified. 
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CHAPTER 2 
REVIEW OF RIVER WATER QUALITY 
MODELS 
Introduction 
Many mathematical models have been developed 
to represent the transport and transformation of 
chemical and biological constituents in aquatic 
systems. These models vary considerably in the 
degree of refinement (or resolution) with which they 
represent the physical world. It is important that the 
particular model selected to represent a system be 
suited to the purposes for which the model will 
ultimately be used. 
As the order of resolution of a model increases, so 
does the difficulty and cost of its application. The 
differential equations representing natural processes 
become complex, and usually nonlinear, and time 
consuming numerical techniques are required to 
obtain solutions. The number of coefficients in the 
model increases and estimation of coefficient values 
from observed data is complicated by nonlinearities in 
the equations. Relatively large amounts of field and 
laboratory data must be collected because the realism 
of model responses cannot exceed the degree of 
accuracy of the data used to validate the model. The 
development of a model for a particular situation, 
therefore, require~ a great deal of engineering 
judgment with a trade-off between the practicability 
and economy of model applications and the amount 
and refinement of information to be provided by model 
responses. 
In any stream system the water quantity 
(hydraulics) and water quality regimes are closely 
linked. In some cases an increase in runoff rate 
causing increased streamflow will result in improved 
water quality. In other cases runoff will carry pollu-
tants into the stream and significantly reduce the 
water quality. The waste load assimilation capacity of 
a stream is closely related to the flow rate and runoff 
characteristics at any particular time. Following is a 
review of mathematical models which have been used 
in simulating water quality in rivers and esturaries. 
The review is not intended to be all-inclusive, but 
rather to be representative of a variety of modeling 
techniques. 
One of the most common equations used to 
describe a nonconservative pollutant in a one-
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dimensional channel is derived from mass balance 
considerations on a differential element and can he 
expressed as: 
8(AC) = 8 (AD8C )_8(UAC) +R+S ... (1) 
8 t 8x ax ax 
where C = pollutant concentration, t = time, x = 
distance along the channel, A = cross-section area, D 
= longitudinal dispersion coefficient, U = average 
velocity over the cross ection, R = the rate of loss or 
gain due to biochemical reactions, phase transfers, or 
physical removal (Le., settling), and S = other 
sources or sinks. The first term on the right-hand side 
of Equation (1) is the dispersion term and represents 
the transport of material due to nonuniform velocity 
gradients in the stream profile. The second term 
represents advection of the material. In the case of 
estuaries, the velocity (U) and area (A) will vary with 
time and distance. 
Models Using Exact Solutions 
Exact solutions to Equation (1) can be separated 
into three general categories, according to the 
assumptions applied to the parameters, A (area), U 
(velocity) and D (dispersion). 
The first category includes solutions based on the 
assumption that steady-state conditions exist and that 
all parameters are constant with time and distance 
(Asano, 1967; Bain, 1968). A modified version of 
Equation (1) was solved with steady-state biochemical 
oxygen demand (BOD) and dissolved oxygen (DO) 
relationship in the Delaware River (O'Connor, 1960) 
and relatively close agreement was obtained between 
I model predictions and observed yearly slack water 
concentrations. The DOSAG model (Texas Water 
Development Board, 1970) represents BOD and DO 
for the case where advection is the principal transport 
mechanism (D=O). DOSAG has subsequently been 
modified by Teledyne Isotopes for application to the 
Raritan and Schuylkill Rivers to provide the exact 
solution for modeling 13 water quality constituents. 
Battelle Memorial Institute has also modified DOSAG 
for application to the South Platte River to 
incorporate several constituents but has changed the 
solution . algorithm from an exact solution to Runge-
Kutta numerical integration. The Utah Water 
Research Laboratory has developed an exact solution 
model for eight water quality constituents for applica-
tion to the Bear River Basin, Utah (Utah Water 
Research Laboratory, 1974). The major advantages of 
the model over the modified DO SAG are the ease of 
inputing data, convenient output summary reports, 
and reduction in computer time. 
The second category of exact solutions are those 
which hold U and D constant and allow A to vary as a 
simple algebraic function of x. Solutions of this type 
were applied to the Delaware, Upper East, and James 
River (O'Connor, 1965) where U was set equal to the 
average fresh water flow over the study period. A 
more recent study by the same author (O'Connor, St. 
John, and Di Toro, 1968) utilizes similar analytical 
techniques. However, in this case the channel is 
divided into segments, the analytical solution applied 
to each segment, and the resulting system of 
simultaneous equations solved by matrix algebra. 
The third category of exact solutions to Equation 
(1) for an estuary is based on the assumptions that D 
and A are constant and the U varies as a sinusoidal 
function of time. Holly (1969) used this approach for 
the investigation of slack water build-up associated 
with unsteady, uniform flow. In these studies the 
pollution injection rate was varied as a simple 
algebraic function of time. The major limiting factor of 
this approach is that the cross-sectional area is 
considered uniform throughout the length of the 
estuary. 
Models Using Numerical Methods 
Due to the irregular stream channel geometry, 
nonlinear biological and chemical reactions, and feed-
back loops or unsteady flows in estuaries, Equation (1) 
defies exact solution for many practical applications. 
Therefore, numerical methods have been utilized in 
order to obtain solutions with greater freedom of 
parameter variation. Several basic approaches to 
general finite-difference modeling are presented by 
Dresnack and Dobbins (1968) and Thomann (1963). 
An implicit central-difference scheme was applied 
to Equation (1) for studies of the Potomac River 
Estuary (Harleman, Lee, and Hall, 1968). The stream 
channel was divided into equal-length segments and 
average cross-sectional areas (A) were estimated for 
each segment. Velocity (U) was represented as a 
sinusoidal function of time, the dispersion coefficient 
was given as a linear function of velocity, and the 
injection rate was a combination of continuous and 
slug injections. Computer output was characterized by 
instability. Results only vaguely resembled observed 
data. ' 
In studies of the Delaware Estu~ry (Pence, 
Jeglic, and Thomann, 1968), Equation (1) was 
combined with an oxygen balance equation and 
expressed as a differential-difference equation. These 
equations are solved numerically by fourth-order 
Runge-Kutta methods. Stream velocities are based on 
fresh water flow without consideration of tidal 
fluctuations. An attempt was made to incorporate the 
effect of tides by introducing an "advection coefficient" 
( E;. ) into the finite difference portion of the equation. 
When t, is changed from 1.0 to 5.0 the difference 
scheme changes from the backward to the central 
difference equation. Hence, the lower the value of 
£., the more dependent the concentration in a 
particular segment becomes on downstream concen-
trations. Application indicated close agreement 
between model and prototype for long-term average 
DO concentrations. 
Dornhelm and Woolhiser (1968) combine 
Equation (1) with the continuity and momentum 
equations for unsteady free-surface flow. The system 
of equations is solved by an implicit difference scheme. 
Instability and long periods of computer time are 
found to be the major disadvantages of this method. 
Application of Equation (1) to a two-dimensioncl 
estuary was attempted by Orlob (1967). A square grid 
was superimposed on the estuary and each line 
segment was considered to be a one-dimensional 
channel. Tidal velocities in the channels were calcu-
lated by a separate computer model. The pollution 
distribution was simulated by representing Equation 
(1) in explicit finite-difference form and applying it to 
each channel. Two types of numerical errors were 
discovered in the model; 'oscillations and spreading of 
the distribution. A sensitivity analysis comparing the 
central difference and quarter-point difference 
schemes indicated that in general when one error was 
reduced the other was increased. This model was the 
forerunner of the Dynamic Estuary Model (Feigner 
and Harris, 1970; Callaway, Byram, and Ditsworth, 
1969). 
The QUAL-I Model (Texas Water Development 
Board, 1970) was developed for a one-dimensional 
river system in which U and A vary with distance but 
are assumed to be constant with time. BOD, DO, and 
temperature were included in the model. The QUAL-I 
model was expanded by Environmental Dynamics for 
application to the Jordan River, Utah, to include 11 
constituents. In this study the model was revised 
again by the Utah Water Research Laboratory to 
improve the data input techniques, and to provide 
convenient output summaries for the system 
hydraulics, loading patterns, and the model 
responses. The solution algorithm was also changed to 
allow for a variable size !J. X. 
Other models of the river channel have been 
conceived as a series of cells each containing a known 
volume and uniform concentration during finite time 
increments (Bella and Dobbins, 1968; Grenney and 
Bella, 1972). Convection and dispersion are simulated 
by average transport of material across cell 
boundaries and decay by reduction of cell 
concentrations during each time increment. A 
multi-step procedure is used so that the effects of each 
term can be determined independently. Numerical 
errors can be readily recognized by this procedure 
(Bella and Grenney, 1970). 
A Lagrangian concept has been developed for 
predicting pollution dispersion in Bolinas Lagoon, 
California (Fisher, 1969) . The embayment was 
segmented into a two-dimensional pattern; although 
flow within each segment is considered to be 
one-dimensional. Each time increment includes a 
convection step, a dispersion step, and a decay step. 
Convection is simulated by slugs of water moving at 
this average water velocity over each finite time 
increment. Numerical errors associated with the 
convection step are greatly reduced. Dispersion is an 
empirical relationship based on the concentration 
gradient. 
Other Methods 
Leeds and Bybee (1967) have developed a solution 
to Equation (1) by using digital computer programs 
designed to solve electrical network problems. 
Equation (1) is approximated by a set of ordinary 
differential equations obtained by replacing the 
differentiation with respect to the space variable with 
finite-differences. Stream velocities are based on fresh 
water flow without consideration of tidal fluctuations. 
Effects of mixing due to tidal action were assumed to 
be included in an "eddy diffusivity coefficient." 
Significant errors are inherent in this method, 
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especially for the simulation of a continuous outfall 
(Bella, 1968). 
A time-series analysis approach was applied to 
concentrations in the Delaware Estuary (Thomann, 
1967). Analytical techniques such as spectral analysis 
are used to calculate DO with average daily water 
temperatures. The greatest amount of variance is 
accounted for by the annual harmonic. Frequencies at 
the low end of the spectrum are analyzed in detail in 
order to obtain the "first estimate" of the expected 
short term DO distribution around a mean value. 
Given this variance, an administrator could decide on 
the basis of water use goals whether a partiCUlar mean 
DO concentration is sufficient in view of occasional 
fluctuations to critical values. 
A similar type of analysis was applied to 
Charleston Harbor (Wastler and Walter, 1968). In 
this case the objective was to determine effects of 
reduced fresh water inflow on water quality. Chloride 
intrusion was correlated with fresh water inflow by 
spectral analysis and a significant relationship was 
shown to exist between the two variables. 
A stochastic model has been devised to describe 
the probabilistic distribution of the biochemical 
oxygen demand (BOD) and DO concentrations 
(Thayer and Krutchkoff, 1967). The model is based on 
the assumptions that all coefficients are constant and 
that the ystem has reached steady state conditions. 
Although the model is inadequate for direct 
application to most practical estuary problems, it does 
present one interesting result in that variance in DO 
concentrations is highest when the average DO 
concentrations is lowest. In other words, the greatest 
amount of uncertainity exists at critical 
concentrations. 

CHAPTER 3 
QUAL-U MODEL DESCRIPTION 
Introduction 
Aquatic systems are extremely complex and. 
therefore, the prediction of system responses to 
changes in pollution loading is difficult and is 
associated with a high degree of uncertainty. The 
indirect effects of some water quality constituents 
may trigger a chain reaction through the ecosystem 
which Ultimately leads to an unexpected state of pollu-
tion. Mathematical modeling is a technique for 
systematically bringing together the state-of-the-art 
know ledge about natural processes in such a way that 
specific river systems may be studied. The purpose of 
a model of the river system is to provide the technical 
decision maker with the best possible estimate of 
changes which could be expected in river water 
quality due to projected future pollutant loading and 
streamflow patterns. 
Mathematical models are powerful tools for 
analyzing complex aquatic systems. However, they 
are tools to be developed and used in conjunction with, 
and not to replace, sound engineering judgment. The 
development of a model is a continuous process; the 
model should evolve as the result of interaction 
between the modeler and the decision maker. 
Hydraulic Model 
I 
In this section both the flow balance model and 
the hydraulic portion of the QUAL model are 
described. The flow balance model contains the same 
hydraulic equations as the hydraulic part of QUAL. 
Flow-balance model 
The purpose of the flow-balance model is to 
estimate steady state flows at any point in the river 
system for a given ~et of boundary conditions. These 
boundary conditions are the input data to the model 
and include headwater flows, lateral inflow from 
surface and subsurface sources, tributary inflow, 
point loads, and point diversions. Tables of typical 
flow data for the major inputs are programmed in the 
model so that boundary conditions for a run can be 
specifically designated by the user or ~stimated 
automatically by the computer from the tables. These 
tabulated data consist of a monthly average mean 
daily flow (QUAL), a maximum daily flow (Q max) 
and a minimum daily flow (Q min) for each month o! 
the year. 
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In some cases flows are known at several points in 
the river system (for example at USGS gaging 
stations), but actual flows at the boundaries are not 
known. The flow-balance model has the capability of 
balancing the flows in the river system to agree with 
the measured values by adjusting boundary 
conditions. The user specifies which boundary 
conditions (that is which headwater, lateral, point 
load, and diversion flows) may be varied by the model 
in order to match the measured channel flows . 
Changes in boundary conditions are limited by the 
maximum (Q max) or minimum (Q min) flow contained 
in the table for each boundary. 
The river system is divided into "reaches" of 
uniform characteristics for purposes of modeling. 
These characteristics can be represented by constants 
for each reach as follows: 
1. 
2. 
3. 
4. 
Slope (S) 
Roughness coefficient (Manning's n) 
Empirical coefficients k1 and k2 in the rela-
tionship between flow (Q) and average 
cross sectional velocity (V): 
V = k} Qk2 .... ......... ... . ........ ... .. ... .. .. (2) 
Empirical coefficients k3 and k4 in the rela-
tionship between flow (Q) and hydraulic 
radius (R): 
R = k3 Qk4 ............ ......... .... .. ...... .. .. (3) 
Consider the stream system shown in Figure 3. It 
is described for the computer by a series of 
"calculation points" (points at which calculations take 
place and model output is provided). The length of 
stream computational elements are fractions of reach 
lengths. There are 26 calculation points in Figure 3. 
There are nine types of calculation points: 
1. Headwaters (H) represent upstream 
boundaries on river channels. These are 
defined at the beginning of significant flow 
in a tributary, at dams, or at arbitrary 
boundaries separating subbasins. 
2. Branch points (B) represent points just 
above the confluence with a major 
tributary. 
H-3 
Figure 3. Hypothetical stream system showing 
description points. 
3. 
4. 
5. 
Junction (J) represent points immediately 
below the confluence with a major 
tributary. Each junction has a branch point 
associated with it. 
Reach (R) represent points marking the 
beginning of new reaches. A "reach" is 
defined as a length of channel having 
uniform characteristics; such as slope, 
roughness coefficient (Manning's n), and 
hydraulic radius for a given flow. Head-
waters and junctions also mark the 
beginning of new reaches. Each reach has 
the following coefficients associated with it: 
slope (8), Manning's n, coefficients relating 
flow to velocity (k 1, k2)' Lateral inflow is a 
boundary condition which must be supplied 
for each reach. 
Point Loads (L) represent point loads on 
the river. These may represent such things 
as sewage treatment plant outfalls, ttorm 
water discharge points, or minor t ribu-
taries which are not being modeled. The 
flow of the point load is a boundary 
condition for the model. 
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6. Point Diversions (D) represent major point 
diversions for irrigation, industry, etc. The 
flow of the diversion is a boundary condi-
tion for the model. 
7. Known Flows (K) represent points on the 
system where flows are known. The model 
will automatically change the particular 
boundary conditions specified by the user 
and balance flows in the entire system until 
calculated flows match the known flows to 
-f:5 percent. 
8. Check Points (C) represent points at which 
additional model output is desired. Output 
is automatically provided at all the other 
types of points described above. The 
output in all cases represents conditions 
occurring immediately downstream from 
the point. 
9. Terminal Point (T) is the last point in the 
stream system (subbasin) being modeled. 
Input data required for each calculation point is 
provided on a single computer card as shown in Table 
1. The asterisks in Table 1 indicate which data are 
required for each type of point. 
As the computer model reads the input cards each 
calculation point is numbered in order. In addition an 
internal numbering system is generated so that each 
type of point is assigned a number in the sequence in 
which it is read. For example in Figure 3, the second 
headwater (H) card read is assigned H-2, the third 
headwater card read is assigned H-3, and "J," "L," 
"C," and "B" cards are included between the two 
headwaters. After the numbering system is set up and 
during the flow balancing procedure, the model starts 
at H -1 and proceeds downstream calculation point by 
calculation point until B-1 is encountered. This point 
represents a discontinuity in the system and the model 
jumps to a new boundary condition at H-2. Again a 
flow balance is conducted downstream until either a 
"B" or a "J" card is encountered. In Table 1, J -l is 
encountered, flows at B-1 are added, and the model 
continues conducting a flow balance downstream until 
B-2 is encountered. The model proceeds with this 
accounting procedure, calculation point by calculation 
point, until the T point is reached. 
When a "K" point is encountered the calculated 
channel flow is compared to the known flow which was 
input by the user. If the two flows do not agree to 
within 5 percent, the model seeks the furthest 
upstream headwater which can influence flows at the 
particular K point. In Figure 3 flows at K-l are 
influenced only by calculation points after H-4. The 
model, therefore, returns to the calculation points at 
Table 1. Input data requirements for the hydraulic model. 
Q) 
u 
c: 
B 
til 
i5~ 
til 
'"' Q) Q) ..... 
> ..... 
..... ~ 
fl:4~ 
.D u 
Format A 1 F7.0 A 4 A2 4A4 A I A I Al IX F F F 5.0 5. C 5.0 
F FFF F FA 
5 . a 5 . 0 5. 0 5 .0 ~· . 0 5 . 0 1 
~eginning Card Column Type 2 8 13 31 3 2 33 34 3 5 40 45 50 55 60 65 7 0 75 80 
Headwater 
Branch 
Junction 
Reach 
Load 
Diversion 
Known 
Flow 
Check Point 
T e r mination 
H 
* 
B 
J 
* 
R 
L 
D 
K 
C 
* 
T 
* * * * 
* ~( 
* 
* * * * * * ~~ * ** 
* * 
~( * to< * * 
* * 
* IndIcates that the field must be completed for thIS type of point. 
aDesignation for input flow } F fixed 
:DeS~gnat~on for surface lateral flow A adjustable 
DesIgnatIon for subsurface lateral flow E estimate 
dIf blank, then slope, Manning's n, k3' and k4 must be specified. 
If 'E', the k l , k 2 , ~, and k4 must be specified 
H-4, adjusts boundary conditions for all points I 
between H-4 and K-l which are specified "adjustable" 
by the user, and proceeds downstream again 
conducting a flow balance based on the new boundary I 
conditions. When K-l is reached, the calculated flow is 
again compared to the known flow at that point. If 
they agree to within 5 percent, the model continues 
downstream; if not, the model iterates back to H-4. 
Once flows are matched at a K point, all boundary 
conditions influencing that point become "fixed" so 
that flow matching at subsequent K points will not 
disrupt a flow which has already been matched at a 
previous K point. For example, flows at K-2 are 
influenced by all calculation points in the system. 
However, flows at K-l must not be altered by the 
model when flows are being matched at K-2. Boundary 
conditions are adjusted in a linear manner. 
Boundary conditions are flows occurring at 
headwaters, point loads, diversions, and as lateral 
inflow to reaches. Each boundary condition may be 
specified as "fixed" (F), "adjustable" (A), or "esti-
mate" (E) (see Table 1). 
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1. Fixed boundary conditions require an input 
value from the user and cannot be adjusted 
by the model. 
2. Adjustable boundary conditions require an 
input value from the user and may be 
altered by the model in order to match 
flows at K point. ~lows cannot' be adjusted 
outside the range. specified in the program 
tables by Q min and Q max. 
3. Estimated boundary conditions are those 
which the user wishes to have estimated by 
the model. These flows are assigned the 
average flow values (Q av) from the 
program tables. These flows may be 
adjusted by the model within the range 
established by Q min and Q max. 
Figure 4 schematically summarizes the model 
operations. 
Typical flow data Flows for day of interest Type of model operation 
Program Tables of 
typical flow data 
Q min. Q max. Q av o 
I 
I 
I 
I 
I 
L 
I I 
Fixed 
flows 
None 
Q bal. = Q fix . 
Adjustable 
flows 
Qadj. 
Estimate 
flows 
None 
None Q est = Q av o 
Q adj's and Q est's varied within 
t heir respective ranges Q min. to Q 
max. until computed flow at USGS 
station converges to measured flow. 
Q min ~ Q bal . 
~ Qmax. 
Q min.~ Q bal. 
~ Q max. 
Input 
Flow 
estimate 
process 
Flow 
balancing 
process 
Balanced 
flow 
output 
Figure. 4. Approach to obtaining Bows at sampling locations given the measured Bows at 
USGS gaging stations. 
A summary of the flow-balance model operations 
follows. A computed value of the mainstream flow at a 
USGS gaging · station or other known flow point is 
obtained by adding inflows and subtracting outflows 
on the river system above that station. The computed 
flow is compared with the measured flow and an 
adjustment factor is calculated to bring the computed 
flow closer to the measured flow. This adjustment 
factor is applied to all input fle N S, designated 
"adjustable" or "estimate," which al e located above 
the USGS station, but below any upstream USGS 
stations or headwaters. Each of these flows is kept 
within the range Q max to Q min if these have been 
inpu~. Note that Q max and Q min will be used, when 
input, if the "adjustable" or "estimate" designations 
are used. By successively adjusting flows and 
comparing the computed and measured flows at the 
USGS station the computed flow will converge to 
approximately the measured value. The entire process 
is repeated for each USGS station in the subbasin and 
without disturbing the balance achieved at upstream 
USGS stations. Flows designated as "fixed" are left 
unaltered. 
HydraUlic equations in QuAL-u 
Several empirical expressions are used in 
QUAL-U to represent the hydraulic characteristics of 
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the river channels . These are written in the following 
form: 
v = kl Qk2 .......... ...... .. . .. ... ..... .... ... . (4) 
R = k3Q k4 .................. .......... ... ........... (5) 
R = kSAk6 ...... ....... ..... .. ....... ... .. .. .. ..... (6) 
Q 1.:9 S 1/2 R2/3 A .. ... .. .. .. .... .. .... .. (7) 
R Al p ... ... .. .... .. .. ... .. .... ... ... .... ... ...... (8) 
in which 
A = average cross-sectional area 
V = average cross-sectional velocity 
'p = wetted perimeter 
k· 1 = empirical coefficients; i = 1,6 
The coefficients must be estimated from physical 
characteristics of the channel which can easily be 
established from field measurements, from USGS 
gaging station records. or from topographical maps. 
The sets of coefficients (kl • k2). (kg. k4). (k5' ~). and 
(S. n) are not independent given the four Equations 
(4)-(7). Thus given any two sets of coefficients. then 
the sets (kl' k2) and (kg. k4) which are required in 
Equations (2) and (g) can be obtained. 
Two situations were of interest in this study: 
1. Where (kl • k2) and (k5' ~) were readily 
obtained from rating curves at USGS 
gaging stations. 
2. Where (kl' k2) and (S. n) were readily 
obtained from stream surveys. 
Recognizing that: 
v = f ............................................... (9) 
in the first case kg and k4 were found as functions of 
(kl' k2) and (k5' ~) as follows: 
-~ k3 - ................ .................... (10) 
(k l l 6 
k4 = k6 (1 - k2) ............................. (II) 
For the second case kg and k4 were found as 
functions of (kl' k2) and (S. n) in the following 
equations: 
k4 = )3~ /2 ................................... (13) 
Quality Model 
Model descriptioD 
The QUAL model provides a numerical solution 
(finite-difference techniques) to a system of 
simultaneous differential equations representing the 
transport. longitudinal mixing. growth. and decay of 
chemical and biological constituents in a river system. 
The river channel is assumed to be one-dimensional 
(i.e .• constituents are uniformly mixed throughout a 
cross section) and nonuniform-steady flow is assumed. 
Flow and constituent concentrations from both point 
and diffuse sources can be input to the model. 
Model responses are best suited to represent 
longitudinal concentration distributions which would 
dev(~lop over a period of a few days if boundary 
conditions (i.e .• flows. waste discharges. etc.) were 
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eld constant. The model cannot be adapted to 
epr esent conditions of unsteady flow; however. 
provisions are available to represent dynamic 
responses of constituents (such as diurnal variations in 
dissblved oxygen) during steady flow conditions. 
Model modificatioDs 
The QUAL-I model was modified in order to 
provide greater ease of user operation. increased 
flexibility, and more comprehensive equations. 
Changes were made to the solution algorithm 
(subroutines TRIMAT and SOVMAT). and to the 
equation definition subroutines as well as to 
input/output routines. A listing of the major 
modifications follows: 
1. 
2. 
g. 
4. 
Allow any combination of water quality 
constituents to be modeled at one time. 
This increases the user options from seven 
to over a thousand. It also eliminates many 
redundant calculations since only the equa-
tions of interest are being solved during a 
run. 
Reorganize the input data to separate 
hydraulic data from quality data. Organize 
the quality data so that data associated 
with each constituent are grouped 
separately. Thus. only the input cards 
associated with the specific constituents 
being modeled during a particular run need 
be provided. The model seeks out the data 
it needs and ignores all other data. 
In addition to echoing back the input data, 
two convenient summaries are output: 
a. 
b. 
Hydraulic summary showing the sys-
tem layout as stored in the computer 
and the main channel flows, veloci-
ties, areas, and hydraulic radii at 
each point in the river system. Also 
provided is the accumulated lateral 
inflow for each reach. 
Loading summary showing point 
load and lateral inflow concentra-
tions for each constituent being 
modeled. Output is for constituents 
being modeled during a specific run 
only. Reaction coefficients are also 
included in this summary. 
These summaries were found to be useful 
during model calibration. 
Change the computational algorithm so 
that different reaches can be subdivided 
5. 
into different size elements. This allows for 
variable degrees of space resolution in dif-
ferent parts of the basin. 
Change the model equation to include 
benthic uptake of oxygen and leaching of 
other constituents from the sediments. 
Also change the phytoplankton equation to 
represent chlorophyll a concentration. Mod-
ify the growth equation to be a function of 
light intensity, phosphorus concentration, 
and/or nitrogen concentration. 
6. Provide a user option of specifying whether 
the run is to be dynamic or steady-state. If 
steady-state, suppress the requirement for 
climatological data. 
7. Incorporate an error statement to warn the 
user if an instability occurs and to notify 
him exactly where and when it occurred. 
The modified QUAL model is referred to as QUAL-U 
to distinguish it from earlier versions. Efforts are 
currently underway to have the model automatically 
divide the reaches into computational elements, 
number them sequentially, associate them with point 
loads and diversions by river mile, and assign flag 
fields to further reduce the input effort. 
Model equations 
All of the model equations are included in the 
following description; however, only those dealing 
with BOD, DO, NH4' NOa, P04' TDS, and total 
coliforms are involved in this project. 
Equation (14) is the general expression used to 
represent the fate of pollutants in a one-dimensional 
river. 
in which 
A 
C 
Q 
D 
t 
Aac at 
= 
= 
= 
= 
a (QC) + AS .... (14) 
ax 
cross-sectional area of the stream 
(ft2) 
concentration of the constituent 
(mg/I) 
flow (fta /sec) 
lonl!tudinal dispersion coefficient 
(ft /sec) 
time (sec) 
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x 
S 
= 
= 
axis of the stream (x-axis) (ft) 
sources or sinks of the constituent 
(mg/l) 
The first term on the right-hand side of Equation (14) 
is the dispersion term and represents the transport of 
material due to nonuniform velocity gradients in the 
stream profile. The second term represents advection 
of the material in the flowing water. The third term 
represents the gain or loss of constituent mass due to 
additions from external sources, withdrawals, 
growth, and decay. Following are the equations 
describing the growth and decay of the constituents 
being modeled. 
TOTAL DISSOLVED SOLIDS (Xl; mg/I): 
· Xl = a .... ............................................ ..... (15) 
CON2 (X2 ' mg/l): 
X2 = a ........................................ .............. (16) 
NCON (X3 ; mg/I): 
• 
X3 = - K3 X3··· ··········· ·· ····· ·· ·· ·· ········· ··········(17) 
COLIFORM (X4 ; MPN/ I00 ml): 
• X4 = -K4 X4 ............................................. (18) 
where K4 = coliform decay rate (base e, per day). 
CHLOROPHYLL a, PHYTOPLANKTON (Xs; mg/I) 
• Xs = (G - K6) Xs .................... .. .............. (19) 
G = K T 2.718 f (e- aL e-UO) X6 
S K H K + X6 e mp 
X7 + Xg 
Ia *SHADEF(I) 
Is 
al = aO exp (Ke H) 
where K6 = chlorophyll a .'decay rate (base e, per day); 
Ks = saturation growth rate (per day per degree C); 
T = temperature (CO); Ke = light extinction 
coefficient (base e, per foot); H = depth (feet); 
Kmp = growth coefficient associated with phosphorus 
(mg/I); Kmm = growth coefficient associated with 
nitrogen (mg/l); Is = optimum light intensity for 
growth (ft candle); Ia = average li~ht intensity (ft 
candle); f = photo period (fraction of a day); and 
SHADEF(I) is the shading factor for reach I. . 
Provisions have been made to input values of la at 
3-hour intervals. The method of calculating la 
(average light intensity on surface) and f (photo 
period) is as follows: 
1. If LITEOP = 0, then 
la is input as a constant coefficient for 
the run, f is input as a constant 
coefficient for the run 
2. If LITEOP = 1, then 
la is read in at 3-hour intervals, f is set 
equal to 1.0 
PHOSPHORUS, SOLUBLE ORTHOPHOSPHATE 
(X6; m}-P/1): S 
X6 = -K7x . - f GXS + p ... (20) 
"0 p 28.317H 
where K7 = phosphorus decay (adsorption) rate (base 
e, per day); fp = re(~iprocal of the yield coefficient f~r 
phosphorus (mg X6/mg X5); and 8p = benthIc 
phosphorus contribution (mg/ft2/day). 
AMMONIA NITROGEN (X7 ; mg Nfl): 
. - • ~ 
X7 - - (KIOadj + K a1 ) X7 - fn X + X GX S 7 g 
_ (T-20) ....... (21) 
KIOadj - K IO 1.047 
where K 10 = ammonia oxidation reaction rate at 200 C 
(base e, per day); Kal = ammonia adsorption rate 
(base e, per day); and fn = reciprocal of the yield 
coefficient for nitrogen (mgX7/mgXS)' 
I 
NITRATE NITROGEN (Xg; mg N/I): 
.where Ka3 = nitrate adsorption rate (base e, per 
day). 
CARBONACEOUS BIOCHEMICAL OXYGEN 
DEMAND (X 9; mg/I): 
. S 
- (KLadj + K set ) X9 + 28.3f7 H ... (23) 
K . = K 1 047(T-20) 
LadJ L' 
where Kset = setting rate (base e, per day); KL == 
BOD decay rate at 200 C (base e'ler day); and 88 = 
benthic BOD contribution (mg/ft /day). 
DISSOLVED OXYGEN (X lO ; mg O2/1): 
X10 = - K Ladj X9 + ~ (Cs - XlO ) - 4.33 KlOadj X7 
+(P- R)+ 28.~~7 H .......... .. ............... ........ (24) 
C1 24.89 - 0.42S9 T + 0.003734 T2 
s 
- 0.00001328 T3 
C = C1 exp r 0.01042 ELEVATION l 
s s LO.00198 ELEVATION -288J 
{
- cons tan t if chlorophyll 
(P- R) (mg/l/day) 
= eYG - RESPO)XS \ modeled 
a is not modeled 
if chlorophyll a is 
where K2 = reaeration coefficient (base e, per day) as' 
~alculated by one of four user options (Texas Water' 
Development Board, 1970); (P - R) = net oxygen 
contribution from phytoplankton if present in the 
system-but not being modeled-~mg 62/1/day); Bu = , 
benthic oxygen contribution (+) or uptake (-) 
(mg/ft2/day), "/I = oxygen production coefficient (mg' 
02/mg X5); and T = temperature (OF). 
River hydraulic characteristics are represented 
by empirical Equations (2) and (3). 
River system representation 
The river system is conceptually divided into 
"reaches" which are lengths of river having 
approximately uniform characteristics represented by 
constant (with respect to X) coefficients (see Figure 
5). Reaches are divided into computational elements 
which are numbered in sequence from headwater to 
junction. For example, in Figure 5 computational 
elements are numbered in sequence from headwater 
No.1 to junction No.1, thence from headwater No.2 
to junction No.2, thence from headwater No.3 to the 
end of the last reach in the system. A waste discharge 
or a water withdrawal may be located at any 
computational element. Each computational element 
is assigned a "type" number defined as follows: 
Type No.1: an element which immediately 
. follows a headwater source 
T;rpe No.2: an element with no external inputs 
other than incremental runoff 
Type No.3: an element on the mainstream 
immediately upstream from a 
junction 
Type No.4: an element which represents a 
stream junction 
(maximum of lO/reach) 
(ma~imum of 800/.y.tem) 
The above ba.m contain. the following feature., 
o 3 Headwater. (maximum allowable = 5) 
c:::>I 3 Wa.te dhcharge a } (ma ximum allowa.ble = 65) 
~ 1 Withdrawal 
o Z Junction. (maximum a llowa ble = 5) 
H 16 Reaches (maximum allowable = 80 ) 
Figure 5. A sehematic diagram of a hypothetical 
stream system. 
Type No.5: an element which represents the 
last computational element in the 
system 
Type No.6: an element with a waste input 
Type No.7: an element with a withdrawal 
Finite-difference solution 
technique 
The classical implicit backward difference 
approximation (all spatial derivatives are written at 
time t + A t) is used to develop the difference 
equations. Figure 6a is a schematic representation of a 
stream junction where "j" is a Type No. 3 element 
proceeding the junction, "i-I" is a Type No.2 element 
proceeding the junction, "i" is a Type No.4 element, 
and "i+I" is a Type No. 2 element. If II Xj' 
II Xi-I, II Xi, and II Xi+1 are the lengths of tlie 
respective elements and Cin represents the 
concentration in element i at time n, then Equation 
(14) can be expressed as follows: 
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d.C.n+1 + Cn+1 + b Cn+1 + Cn+1 = r. 1 J a i i-I i i C i i+ 1 1 
~ [ (AD)j+% + J 
- ~X . A. ~X. Qj+% 
1 1 J+l 
1.0 
ri C~ + Si ~t ... .... ...... ......... ........... ... ...... .. ... (25) 
in which 
Qi+ 1 /2 = flow from elemen t "i" in to elemen t "i+ 1 " 
Writing Equation (25) for each computational element 
in the stream system shown in Figure 6b results in the 
system of equations shown in Figure 7a. 
The value of Si is calculated at the beginning of 
the time step to represent events occurring during the 
time step, t,. T. Growth and decay events included 
in Si are defined by differential equations which 
involve expressions containing dependent variables. 
Values for these expressions are calculated using the 
value of the dependent variable at time t (i.e .• 
A Cj/ ~ t = KCin) and, therefore, significant errors 
may be introduced for nonconservative substances 
which change drastically during ~ t. The equations 
are solved such that conservation of mass is 
maintained. 
The equations in Figure 7 can be solved by a 
method of elimination and back substitution similar to 
that used in the original QUAL-I program. The 
method of solution is as follows: 
1 
2 
3 
7 
8 
(a) 
(b) 
; 
Figure 6. Schematic diagrams of stream systems used in examples. 
1. Divide through the first equation in Figure 
7 a by bl to obtain: 
C~+l + WI C;+l = GI ........................... (26) 
where I 
2. 
where 
Combine Equation (26) and the second 
equation in Figure 7a to eliminate a2 and 
the result is: 
Cn+1 + W Cn+1 
223 ...................... (27) 
3. 
where 
4. 
5. 
Combine Equation (27) and the third 
equation in Figure 7a to eliminate a3 and 
the result is: 
Cn+1 W Cn+1 . 3 + 3 7 
C3 f3 - a3G2 
-b----=-- and G3 = --~..:::. 3 - a3 W2 b3 - a3 W2 
Proceed through the equations, eliminating 
ai and storing the values of Wi and Gi 
given by: 
d f . - a· G . an G. = I I I-I 
I b. - a. W. 1 1 1 1-b. - a.W. 1 I 1 1-
When a Type No.1 element is encountered, 
treat it the same as the first equation in the 
matrix. 
(1) g: 
f-l 
..., 
~ 
(1) 
S Element Number ~ 
~ Z 3 4 S 6 7 8 
I I b i '1 e
n +I r
l I 
Z Z a Z bZ C z 
en+l r
Z Z 
3 3 a 3 b 3 c 3 
en+l 
r3 3 
Z 4 0 b4 
n+l 
c4 e 4 r 4 
Z S c; b S C s X en+l rS (7a) S 
Z 6 a 6 b 6 c 6 
en+l 
r6 6 
4 7 d a b C en+l r7 7 7 7 7 7 
Z 8 a 8 b8 c 8 
e n +I 
r8 8 
I WI e
n +I G
1 I 
0 1 W
z 
e n +I G Z Z 
0 1 W3 e
n +1 
3 S 
0 1 W 4 
e n +1 
4 G4 
X 
e n +1 (7b) 0 1 Ws G S S 
0 1 W6 e
n +1 
6 G 6 
0 0 W
7 
Sn+l G 7 
0 1 W8 e
n +1 
8 G8 
Figure 7. System of simultaneous equations used in the example of the algorithm. 
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G. 
1 
6. 
7. 
When a Type No.4 element is encountered 
ri - di Gnn - aj Gi_1 
bi - dj W nn -a j Wj_l 
nn = number of type 3 
element preceding ele-
ment i 
The last equation is solved for 
Cn+l - G i - 'i. 
8. Figure 7b indicates the form of the matrix 
after the eliminations are complete. 
9. Solve for 
................ .. .............. .... (29) 
10. When an element of Type No. 3 is 
encountered, 
C~+l = G. - W. Cn+1 ......................... (30) 
1 lInn 
where nn is the number of the Type No.4 
element immediately following i. 
Boundary conditions 
The upstream boundary is defined by the 
following equations for all Type No.1 elements: 
r 1 = Cf+Sl +alC~+I ......................... (31) 
where Con + 1 is the concentration in the headwater. 
Equation (31) stipulates that none of the constituent is 
transported from the Type No.1 element upstream to 
the headwater. 
The downstream boundary is defined by the 
following equation for the Type No.5 element: 
Cl:~ = C;+I ... ..................................... (J2) 
Selection of time and distance 
steps 
Stone and Brian (1963) suggest that to guarantee 
good accuracy: 
U ~~ :s 1 ........................................... (33) 
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which is the stability requirement for explicit 
finite -difference schemes. In general, values of 11 X 
will be chosen in such a way as to provide a 
satisfactory representation of the river system and 
then the value of t::. t determined from Equation 
(33). Although it is not necessary to restrict the size of 
I::. t to Equation (33) for the implicit finite· difference 
scheme used in the QUAL·U for the transport of 
materials, it should be remembered that significant 
errors may be introduced at large t::. t's because of 
the manner in which the reaction rates are calculated. 
Model Limitations 
Errors may be considered to occur at two places 
in the modeling process. The first type of error is a 
discrepancy between the real world and its 
mathematical representation. This error includes 
random sampling errors, inexactness in measuring 
techniques, and limitations due to the simplifications 
involved in representing interactions among constitu-
ents in the real world by Equations (14) through (24) . 
The second type of error comprises the numerical 
errors associated with solution of the mathematical 
equations. 
Errors of the first type 
Models result from a particular concept of a 
system and mayor may not reflect responses in the 
real system. Some problems encountered in applying 
models to ecosystems may be listed as follows: 
1. 
2. 
3. 
Ecosystems are not well understood at pre-
sent. A prime prerequisite of a model is the 
need for a clear concept of the system being 
modeled. 
Because common units are necessary to the 
construction of any model, many conver-
sion factors are necessary to relate data ob-
tained from different experiments having 
different units. The validity of this process 
is not always justified. 
There is need for rate data accumulated 
under natural field conditions and for an 
understanding of the time scale involved. 
At present rate data are largely obtained 
from laboratory studies carried out under 
homogeneous conditions. Most ecosystems 
are heterogeneous in nature. Similarly 
ecosystems are assumed to operate at 
steady rate. This is only an approximation 
at time scales greater than one year. 
Seasonal variations and natural cycles at 
various intervals from 1-10 years have been 
well documented. The effects of such time 
scale variations are not reflected by most 
steady state applications of models 
expressed on a day-to-day time constant. 
A major complication encountered in mathemat-
ical modeling of aquatic systems is the lumping of 
system components. This is especially true when 
considering biological groups where lumping becomes 
a necessity because of the more than 1.5 million 
species of known plants and animals including 
microoranisms. However, it is necessary to be aware 
of the variation and/or confusing similarities in the 
processes and reactions of differing biological groups. 
An example is the comparison as groups of the 
blue-green algae (procaryotic cells) and all other algae 
(eucaryotes) in stream systems, both of which are 
measured by using chlorophyll a as a parameter of 
their activity in the system. (Note that chlorophyll a is 
more a measure of activity, productivity, or growth 
rate than of mass of material as many users of this 
parameter seem to believe.) The effect of blue-greens 
on stream ecosystems is considerably different from 
all other algae because blue-greens are generally 
slower growing, poor sources of food to grazing 
animals, the nuisance organism in terms of biomass 
and of tastes and odors, and some have the ability to 
fix nitrogen and eventually contribute to the 
nitrogenous BOD problem. In no way can they be 
considered the same as a population of diatoms, for 
example. Thus, although chlorophyll a may represent 
the best parameter of algal activity, it can lead to 
misconceptions in terms of pollution management as 
blue-greens may need to be treated in a different way 
to other algae. 
Another example is the use of an average death 
rate for coliform bacteria. Coliforms are indicators of 
the presence of pathogenic bacteria (such as typhoid) 
and in some cases are presumed to represent viruses, 
also. Some pathogens are more resistant than others 
and for some viruses (e.g., hepatitis), their 
survivorship in streams remains unknown. 
This discussion represents an attempt to point out 
some of the general failings and specific pitfalls of 
present-day modeling efforts. It is not a criticism of 
the modeling attempt but a warning about where 
dangerous misinterpretations might occur and be 
reflected in management decisions as a result of 
averaging. lumping, and lack of completeness. Thus, 
models cannot be static efforts but should be viewed 
as specific practical attempts at solving a particular 
problem. Consequently, the models should be 
reviewed and updated in light of new knowledge. Also 
they should be reevaluated whenever the initial 
purpose for which they were designed is changed. 
Errors of the first type encountered in this study 
are described in Chapter 5 in the discussion of model 
application. 
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Errors of the second type 
The second type of error was studied by applying 
the model to a simple hypothetical river system for 
which exact solutions could be obtained for the model 
equations. The responses of the model were then 
compared to known solutions. Tests were run on 
COLI, CBOD, and DOXY for steady-state conditions 
and the numerical solution was found to converge to 
within one to three percent of the exact solution in a 
run time representing about 1.4 times the travel time 
in the river. It was observed that convergence was 
slowest at the downstream boundary. By adding a 
"false reach" at the end of the system, the run time 
could be reduced because most of the numerical error 
would be in this reach. It should be noted that the false 
reach technique can only be used when dispersion 
(upstream transport) is negligible. 
Two conditions were observed when the accuracy 
was disturbed by instability in the solution algorithm. 
In one case the model lost stability across 
discontinuities in the river flow caused by large 
diversions. When 50 percent or more of the main 
channel flow is lost by a point diversion, the model has 
a tendency to become unstable. This condition has 
been observed by others (Tierney, 1974; Jeter, 1974). 
The second case occurs when the dissolved oxygen 
concentration at a headwater boundary is fixed at a 
concentration significantly higher than the concentra-
tions occurring in the water just downstream. The 
high rate of transfer of oxygen out of the water causes 
an ~nstability, especially in small streams where the 
reaeration coefficient is relatively large. 
The QUAL model was developed to provide for 
the input of variable environmental data at 3-hour 
intervals. This implies that the model is intended to 
represent transient (dynamic) responses. Several 
weaknesses would be expected in representing 
dynamic responses: 
1. 
2. 
3. 
Numerical errors in the solution algorithm 
tend to distort steep concentration gra-
dients and the advection of slug loads. 
The departure from reality introduced by 
the assumption of a one-dimensional river 
may be significant at the relatively high 
degree of resolution required in modeling 
dynamic responses. 
Model equations may have to be refined to 
incorporate natural processes which are 
important in causing diurnal (or other short 
term) variations in biological and chemical 
reaction rates. 
The accuracy of dynamic responses was estimated 
by considering only the advection of a non-conserva-
tive constituent with a periodically varying boundary: 
ac ac at = - V ax -KC ............................. ......... (34) 
and 
c( ) = 200 + 100 sin (.3927 t) 
o,t 
The concentrations vary over a 24-hour period. The 
exact solution for Equation (34) with constant 
coefficients is: 
c(X,t) e;K ~ {200 + 100 Si{3927 (t -~)]} 
.... ... .... .. ...... ... (35) 
where 
{ a for t < X/v e = 1 for t ~ X/v 
-z 300 -----
0 
~ 
a: 
t- 200 z w 
(.) 
z 
0 
(.) 
""" 
100 
0 
::E 
-(.) 
0 
0 4 8 
The numerical model solution was compared against 
the exact solution for a 10 mile uniform channel with a 
velocity of 0.968 ft/sec. The space ( !J. X) and time 
increments ( !J. t) for the numerical model were .25 
miles and .25 hours respectively. 
Figure 8 shows the variation of concentration 
versus time at the five mile point for a conservative 
substance (K = 0 per day). Comparison of the exact 
(broken line) with the numerical (continuous line) 
solutions indicates that the discrepancies are greatest 
at the wave front and at zero gradients. Figure 9 
shows the concentration variation with distance along 
the channel for a nonconservative substance (K = 0.5 
per day). As in the case with time variations, the 
greatest discrepancies between the exact and 
numerical solutions occurs at the zero gradients. 
Figure 10 shows the percent relative error between 
the numerical and exact solutions shown in Figure 9. 
The discrepancy between solutions is within 20 
percent of the mean concentration after the advective 
wave front has passed (that is, when t ~ X/V). 
. - . -, 
EXACT~ I I 
,-I 
(DISTANCE =5 MI.) 
12 16 20 24 
TIME, HOURS 
Figure 8. Comparison of numerical and exact solu-
tions for a conservative constituent. 
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Figure 9. Comparison of numerical and exact solution for a nonconservative substance 
[K = 0.5 per day]. 
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Figure 10. Relative discrepancy between numerical 
and exact solutions for a nonconservative 
constituent with a sinusoidal variation in 
the boundary conditions [Fig. 9]. 
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CHAPTER 4 
DESCRIPTION OF THE WEBER RIVER 
BASIN 
In this section the economic and physical 
characteristics of the study area are described. 
Material from the Hydrologic Inventory of the Weber 
River Study Unit (Haws et aI., 1970) has been adapted 
for this description. Figure 2 is a map of the Weber 
River Basin. 
Economy 
Historical background 
The fir t permanent settlements in the Weber Basin 
were established by the Mormon pioneers who 
entered the Great Salt Lake Valley in the latter part of 
July 1847. By late September, a company of pioneers 
had settled on the site now called Bountiful; and in the 
next 6 years Mormon immigrants established some 20 
communities within the area which stretches along the 
mountain front from Bountiful to Brigham City and 
includes most of the fertile land known as the Weber 
River delta. The mountain valleys began to receive 
settlers in 1859 and by 1863 about 28 new communties 
had developed along the flood plains of the Weber and 
Ogden Rivers. Thus in less than 20 years nearly 50 
new towns and cities had been settled within the 
boundaries of the Weber River Basin. 
Growth within the area was stimulated by the 
coming of the Union Pacific Railroad which followed 
the immigrant tr~iI down Echo Canyon, paralleled the 
Weber River into the Great Salt Lake Valley, and then 
proceeded northwestward to unite with the Central 
Pacific Railroad at Promontory. Ogden City was 
selected as the western terminal for the railroad and 
grew rapidly under its influence. The railroad made 
migration easier and many of the new immigrants 
stayed to make their homes in or near Ogden. 
The railroad and favorable climatic conditions 
contributed to the growth potential in the area. 
Fertile soil and an adequate water supply produced a 
wide variety of crops and the export industry 
provided by the railroad produced money and more 
industry. By 1940 Ogden ranked high as a center for 
railroading, grain handling, food manufacturing, 
jobbing, and financing. Local industries included 
textile factories, meat packing businesses, canning 
factories, sugar factories, and others. 
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Pioneer farmers in the mountain valleys learned 
that the agriculture in this area was limited principally 
to small grains and forage crops. Livestock and 
dairying have flourished in this region, however, and 
mining has been successful in places like Coalville and 
Park City. 
The establishment of national defense industries 
during World War II brought a new influx of workers 
into the area and some of the agricultural land was 
turned to the residential needs. Hill Air Force Base, 
the Utah General Depot, the Ogden Arsenal, and the 
Naval Supply Depot were among the leading 
employers during this time. Many other non-military 
federal agencies have established offices in the Ogden 
area to make the federal government the largest 
employer in the area today. 
Water has generally been plentiful in the study 
area, and the mountain valleys have provided several 
storage ites for water during low river flows in the 
late summer periods. The first storage projects 
included East Canyon Reservoir, Echo Reservoir, and 
Pine View Reservoir. Many small reservoirs were 
built at an early date near the headwaters of the 
Weber River and of Chalk Creek. A comprehensive 
river basin plan was initiated in 1949 by the United 
States Bureau of Reclamation which has since built 
dams at Wanship, Lost Creek, Causey, and Willard 
Bay; and enlarged the dams for East Canyon and Pine 
View reservoirs. 
Present day situation 
Nearly 20 percent of the total population of the 
State of Utah resides within the boundaries of the 
Weber Basin and 95 percent of the basins' population 
resides in the East Shore area a'ong the Wasatch 
Front. Less than 3 percent of the population of the 
East Shore area is rural, the bulk of the population 
lives in urban residential areas. 
The federal government employs nearly 43 
percent of the total labor force in Davis and Weber 
Counties. These counties, which constitute the East 
Shore area, employ 97 percent of the total labor force 
in the basin. 
Although the percentage of population living on 
farms in the East Shore area is small, the value of 
agriculture to the area should not be underestimated. 
Approximately 74,000 acres are farmed and a variety 
of crops are harvested such as: hay, corn, small grains 
(wheat, barley, and oats), peas, potatoes, sugar beets, 
tomatoes, onions, strawberries, peaches, pears, 
apples, apricots, and cherries. The cropland also 
includes a significant amount of pasture land which 
contributes to the dairying industry in the area. 
Recreation is of growing importance within the 
Weber Basin. Significant ski developments have taken 
place at Park City and in the Ogden Valley area above 
Pine View Reservoir. Plans for expanding the present 
facilities are underway. 
In the upper basin areas above the Wasatch Front 
there is evidence of a growing population of residents 
who commute from their homes in Morgan County to 
Ogden and from Park City to Salt Lake City. 
Topography 
The water resources of an area are affected by the 
topography. The altitude of the mountains affect the 
amount of precipitation and the steepness and aspect 
of the slopes are related to the amount of runoff. The 
topography of the Weber River study unit is indicated 
by shaded contours in Figure 1, shown in Chapter 1. 
A fertile lake plain formed by the lacustrine 
deposits of ancient Lake Bonneville proceeds eastward 
from the shore of Great Salt Lake toward the Wasatch 
Mountains. Several terraced benches mark the 
different lake levels and the Weber River delta lies 
near the mouth of Weber Canyon. 
The rugged Wasatch Mountains rise abruptly 
from the valley floor and extend in a nearly 
north -south direction separating the flat valley land to 
the west from the rolling hills and mountains in the 
interior of the Weber Basin. The southeast corner of 
the area merges with the high mountain peaks 
marking the beginning of the Uinta Mountains and 
divides the surface drainage into the Bear River, 
Weber River, Provo River, and Duchesne River 
systems. 
The major tributaries to the Weber River are 
Beaver Creek, Chalk Creek, Lost Creek, East Canyon 
Creek, and Ogden River. Ogden River is the largest 
tributary and joins the Weber River in the Great Salt 
Lake Valley area just before the river terminates in 
the Great Salt Lake. The Ogden River drains what 
was once an arm of the old Lake Bonneville and is 
made up of three main branches which drain the 
Ogden Valley and meet at the head of the short, 
narrow Ogden Canyon. 
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Within the Weber River drainage area, the 
elevation ranges from 4100 feet above mean sea level 
at the Great Salt Lake to 11,200 feet at the high Uinta 
peaks. The mean elevation for this area is 6,700 feet 
while 50 percent of the area ranges from 5,900 feet to 
7,450 feet. Only 16 percent of the total area is less than 
5,000 feet in altitude. It is in this area, however, that 
most of the cultural pursuits take place. 
Stream bed profiles are an important physio-
graphic factor in evaluating runoff characteristics. 
The slope of a stream bed affects the time distribution 
of runoff, which is of particular importance during 
floods. From the divide in the Uinta Mountains until 
the river reaches Great Salt Lake the river drops from 
11,000 feet to 4,100 feet, a vertical drop of 6,900 feet in 
140 miles or an average slope of 48 feet per mile. The 
part of Weber River above Oakley has a mean slope of 
125 feet per mile. From the mouth of Weber Canyon to 
Great Salt Lake the river slope averages only 10 feet 
per mile . 
Geology 
Soils and bedrock have a significant effect on 
surface water runoff. The disposition of precipitation 
falling on the area is partly determined by the 
absorptive character of the soils and bedrock. 
Nonabsorptive ground materials may cause a rapid 
runoff of precipitation and thus contribute to flooding 
in lower areas. The bedrock is also important if it is 
highly fractured and therefore conducive to water 
storage and increased groundwater movement. Some 
perennial springs are characterized by these 
conditions. 
The Weber Basin is largely underlain by 
sedimentary rocks. The oldest (Precambrian) 
formations which form the basement complex consist 
of gneiss, quartzite, and schist. The Paleozoic 
formations are composed of limestone, dolomite, and 
shale with minor amounts of quartzite, sandstone, and 
chert. The mesozoic rocks within the study area are 
composed principally of sandstone, siltstone, and 
shale. Some intrusive igneous rocks of Tertiary age 
occur in the Park City area near the southern 
boundary of the drainage area and extend westward 
out of the basin into the Little Cottonwood Canyon 
area. Extrusive igneous rocks occur in the Snyderville 
Basin and West Hills area. 
The late Cenozoic deposits (Quaternary) 
composing the mantle are generally weathered 
expressions of the older rock units. These deposits 
generally occur as broken fragments and sands and 
gravels. 
The principal Tertiary deposit in the Weber River 
Basin is a formation known as the Knight . 
Conglomerate which contains thick beds of coarse 
conglomerate and minor amounts of sand and silt. 
There are also extensive tuffaceous and limey beds of 
Tertiary age. The Quaternary deposits consist of 
alluvial and fluvial deposits on the valley floors, 
lacustrine deposits in Salt Lake valley which was once 
occupied by Lake Bonneville, and glacial deposits in 
the areas of higher elevation. The Quaternary 
deposits are generally fine-grained sands, silts, clays, 
and gravels. 
In a broad sense the absorptive nature of the 
bedrock is a function of its geologic age. In general the 
older pre-Cambrian, Paleozoic, and Mesozoic rocks are 
the least absorptive because of their massive, solid 
structure. A source of water storage within these 
formations is within cracks and fissures , along fault 
lines or other fractured areas and within solution 
caverns. The most absorptive materials are those of 
Cenozoic age including the Quaternary alluvial and 
glacial deposits and the Tertiary deposits formations. 
In the high mountains near the headwaters of 
Weber River, there are extensive deposits of 
Quaternary glacial material. This is a region of high 
precipitation and the flow of springs and seeps from 
the absorptive Quaternary material that is annually 
recharged by water from the snowmelt helps to 
sustain the late summer flow in Weber River. The 
Quaternary deposits, which occur along the stream 
channels and in the flood plain areas, support 
agricultural and other cultural activities within the 
area. Much of the usable groundwater also occurs in 
these deposits. The lake plain below the Wasatch 
Mountains in Salt Lake Valley is composed of thick 
Quaternary sediments deposited by ancient Lake 
Bonneville. 
Climate 
The high mountain valleys in the Weber River 
Basin are cooler and have shorter growing seasons 
than the East Shore area. The upper mountain 
valleys, for example, have an average growing season 
of about 9 days which is about 60 days shorter than the 
growing season in the lake shore area west of the 
Wasatch Mountains. The average summer tempera-
ture is about 6° cooler in the mountain valleys than in 
the lake shore area. The cropping pattern is, 
therefore, much different in the two areas, the 
mountain valleys being used primarily for forage crops 
and small grains while the east shore valley area 
produces a wide variety of crops including truck 
vegetables and orchards. 
Precipitation occurs when a saturated air mass moves 
into the hydrologic area and is cooled so that 
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condensation can occur. Since the air at high 
elevations is generally cooler than the air near the 
land surface, it is to be expected that when the high 
mountain ranges deflect the moving air mass upward 
to cooler elevations , the greater mean annual 
precipitation would occur near the mountain peaks. 
The mean annual precipitation in the study area 
ranges from 12 inches at the lowest elevat ion to near 
50 inches within only 20 lateral miles separating these 
extremes. 
In the higher areas of the Weber River Basin 
approximately 65 percent of the total annu al 
precipitation occurs in the form of snow and 
accumulates in the snow pack to melt in the spring and 
feed the streams and rivers of the study area. 
Runoff 
For the entire Weber River Basin the total mean 
annual water yield for the 1931-1960 period is 
approximately 7 inches. Mean annual precipitation for 
the same period amounts to approximately 23 inches. 
This means that about 16 inches of water or nearly 72 
percent of the total precipitation is consumed on the 
watershed without producing measurable runoff. 
Not all of the runoff that occurs naturally on a 
watershed is easily manageable. Water yield from low 
lying areas may be sporadic and occur only in the 
spring after heavy rain or excessive snow melt, and 
thus not be readily retained in reservoirs for later 
summer use. Fortunately, most of the yield comes 
from the higher elevation areas above 7,000 feet. This 
means that a relatively small part of the watershed 
produces the water used on the entire watershed. Ten 
percent of the land area in the Weber Rivery study 
unit has a yield value in excess of 19 inches and 50 
percent of the land area produces over 82 per ~ent of 
the total yield (Haws et aI., 1970). 
Groundwater 
Groundwater aquifers at the 
East Shore area 
The deep deposits in the valley area which 
extends east from the shore of Great Salt Lake to the 
Wasatch Mountains were formed during Pleistocene 
time by Lake Bonneville. During the Lake Bonneville 
period , precipitation was high, streamflow large, and 
erosion of th~ adjacent precipitous slopes rapid. This 
combination caused large deltas and wide fans 
containing deposits of gravels, sands, and clays to be 
formed along the shore line (now· the East Shore 
valley). According to Feth et al. (1952) these 
r. ~ ~.... -
u or.s lidated to weakly consolidated sediments have 
th~ kn sses of 6,000 to perhaps as much as 9,000 feet, 
and were laid down in alternate layers of sand, 
gra reI"', an clays depending on the particular 
weathe cy Ie. The large particles and coarser 
materials are found nearer the mountain slopes. The 
fine t xtured materials are found near the present 
shore-line of the Great Salt Lake. The alluvial strata 
a e not entirely horizontal but conform to the general 
slope of the valley from the lake upward toward the 
mountains. The water that seeps into the gravelly 
higher layers travels slowly toward lower elevations 
of the valley sometimes becoming confined below clay 
beds to cause artesian pressures. 
At present two specific aquifers known as Delta 
and Sunset have been identified in the Weber River 
delta area. Both of these aquifers are beneath the 
delta area of the Weber River, and extend westward 
in a fan-like manner over an area of about 130 square 
miles. The Delta aquifer is probably 50 to 150 feet 
thick and its top is 500 to 100 feet below the surface. 
This aquifer has high permeability and furnishes 
water to many of the high yielding pumped wells. The 
water is chemically suited for most uses, but is hard, 
with a high content :>f calcium and magnesium. The 
Sunset aquifer, which is 50 to 250 feet thick and 250 to 
400 feet below the surface, has less permeability than 
the Delta aquifer and therefore supplies small yielding 
wells. To the south in the Kaysville-Farmington area 
there is an artesian aquifer system partly separated 
from those in adjacent areas. Here artesian pressures 
are generally low. The water is of good chemical 
quality near the mountain front but undergoes 
changes as it moves westward toward the lake. To the 
north in the area of North Ogden another separate 
artesian system exists which is of excellent chemical 
character for all uses. The area extending from Ogden 
to Plain City is underlain by predominantly 
fine-grained materials. Yields are small and waters 
are of variable chemical character. The lenses defining 
separate aquifers are extremely complex, and 
recharge appears to be small. Further to the west and 
north is another area where yields are low, and waters 
are too high in sodium for irrigation. 
Feth et al. (1966) estimated the amount of water 
stored in all aquifers to tota12B,600,000 acre feet. This 
amount, of course, does not represent the yield which 
can safely be withdrawn every year on the average 
without depleting the storage in the aquifers. 
A continuous safe yield must depend upon recharge. 
Through water budget computation and other means 
Feth estimated the annual recharge to the entire area 
to be 67,000 acre feet. 
Evidence from four wells which penetrated the 
fills in the East Shore area to depths greater than 
1,000 feet indicates that water below about 1,300 feet 
is highly mineralized with high sodium content and is, 
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therefore, unsuitable for most purposes. There is also 
danger that this brackish water may encroach upon 
the existing fresh water aquifers if too much water is 
withdrawn lowering the pressure below some 
minimum value: 
The principal recharge area for the aquifers in the 
East Shore area is along the Wasatch Mountain front 
where a belt of sand and gravel a few feet to a few 
thousand feet wide in a zone of complex faulting 
provides favorable areas where water may penetrate 
into the aquifers. The capacity of this zone to recharge 
the aquifers is evident west of the mouth of the Weber 
River where in a distance of 111z miles , 14,000 to 
16,000 acre feet annually go into groundwater storage. 
From the foregoing it appears that through 
proper planned management the groundwat er 
aquifers in the East Shore area offer a means to much 
more fully utilize the water available in the Weber 
Basin. Full development of the groundwater will cause 
increased pumping costs, but these costs could 
possibly be compensated for by the additional water 
supplies made available during seasons of drought. 
Water stored in groundwater reservoirs is not 
subjected to loss by evaporation as is water in surface 
reservoirs and , therefore, could feasibly be stored 
from years of surplus for use during years of below 
normal flow. 
Groundwater in the 
mountain valleys 
Usable groundwater storage in the mountain 
valleys is limited physically to those areas of alluvial 
fill which occur along or near the stream beds. 
Development of water from these areas has not been 
extensive although some wells do exist. The alluvial 
fill along the Weber River system above Gateway is 
not deep. The majority of the wells do not penetrate 
more than 50 feet into the valley fill which would seem 
to indicate a rather high water table. There are some 
small diameter wells that extend beyond 200 feet into 
the fill, the deepest being near 500 feet at Coalville, 
Utah, and between 300 and 425 feet near Morgan, 
Utah. There are three wells that are 700 to BOO feet 
deep, but these are located on higher ground off the 
flood plain of the river. 
At the mouth of Weber Canyon there is 
essentially no alluvial fill and it appears that little or 
no underflow passes the gaging station at Gateway. 
This mountain valley basin should, therefore, serve as 
an excellent storage reservoir. At the present time 
the reservoir is probably full and spilling into the river 
above Gateway. Thus groundwater and surface water 
are hydraulically interconnected in the fill material 
through which the main streams flow. 
Ogden Valley artesian basin 
Probably the most significant groundwater 
storage basin outside of the East Shore area exists in 
the Ogden Valley. Its geologic suitability for 
groundwater storage is described by Leggette and 
Taylor (1937) as follows: 
Ogden Valley is a fault trough bounded on both 
the east and west by faults that dip toward the middle 
of the valley. This fault trough contains unconsolidated 
deposits of clay, sand, and gravel, whose thickness is 
more than 600 ft. These materials are stream and lake 
deposits and in places are well sorted and stratified. 
The lake sediments were laid down in a small lake that 
occupied Ogden Valley and that was connected with 
glacial Lake Bonneville at its high stage by an arm of 
water that occupied Ogden Canyon. 
Numerous artesian wells perforate the fill, many 
of which are now located below the water surface of 
Pine View Reservoir. Ogden City is the principal user 
of "Artesian Park" water and exports from the basin 
for use in Ogden City an annual average amount of 
13,400 acre feet. The underground reservoir is 
apparently full and recharges annually to the extent of 
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annual withdrawals. No estimate is available as to 
what would constitute a safe annual yield without 
depleting the reservoir, but Thomas (1963) has given 
an estimate of the sources of annual recharge. He 
estimates that 8,760 acre feet of recharge comes from 
precipitation and direct runoff on the 23 square mile 
area, and that the balance of 4,780 acre feet comes 
from the perennial streams that flow across the valley 
fill. 
Groundwater in basal structure\ 
Park City mines 
In only one instance in the Weber River Basin has 
significant amounts of groundwater stored in the 
fractured basal rock been exploited for economic use, 
and this began as a by-product of the mining industry. 
In the search for precious minerals in the Treasure 
Mountain area near Park City a large flow of water 
was encountered which threatened to prohibit further 
mining. Large pumps were first used to dewater the 
mine shafts, and later, tunnels were constructed to 
drain off the unwanted water. Today water still floVis 
in the tunnels and is used for domestic and irrigation 
purposes in the Park City and Keetley areas. 

CHAPTER 5 
APPLICATION OF THE QUAL-U MODEL TO 
THE WEBER RIVER BASIN 
Introduction 
The application of the mathematical model 
provides a systematic methodology for the 
consideration of three important phases: 1) Inventory 
of basin features, 2) identification of important 
functional relationships, and 3) prediction of pollution 
impacts. The inventory includes a review of literature, 
personal interviews, and field investigations to 
determine all important basin features which may 
have an impact on water quality. A major part of this 
phase is determination of the physical, hydraulic, and 
quality characteristics of the river, the location of 
major point loads on the system, and the identification 
of significant diffuse sources. The second phase 
involves the selection of water quality constituents to 
be considered, the description of functional 
relationships among the various constituents, and 
determination of the order of resolution of the model. 
The model is then calibrated by adjusting coefficients 
until model responses agree with measured field data. 
The third phase is concerned with predicting the 
concentrations of water quality constituents resulting 
from expected future loading patterns and flows. 
Chapter 4 focused on the structure of the 
QUAL-U model. The application of the QUAL-U 
model to the Weber River Basin will now be 
described. The discussion includes a description of the 
model calibration, the results, and the method used to 
obtain 7 -day to-year critical low flows. Firstly, it is 
necessary to consider the subbasins and reaches into 
which the study area was divided for the purpose of 
defining the system layout used in the QUAL-U 
model. 
System Layout 
In theory the QUAL-U model could be set up to 
represent every small tributary of the Weber and 
Ogden drainage systems. However, in practice a stage 
is reached beyond which there are diminishing returns 
from increased spatial resolution; this is because of the 
magnitude of effort and expense needed to acquire 
data relating to remote and relatively unimportant 
parts of the basin. 
The first level of spatial division of the study area 
is the subbasin. Each subbasin was modeled as a 
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separate system requiring a separate computer run. 
For the Weber River Basin the choice of subbasin 
boundaries was generally governed by the location of 
reservoirs. The reason for this discontinuity at 
reservoirs is that the QUAL-U model is not yet 
refined to the place where reservoirs can be modeled. 
Five subbasin systems were modeled: Park City Area, 
Wanship Area, Coalville Area, Morgan Area, and 
Ogden Area. The Canal System to the Wasatch Front 
and three small subbasins in the Upper Huntsville 
Area were not modeled because insufficient 
hydrologic and water quality data were available to 
calibrate the model. 
Streams within each subbasin were divided into 
reaches of approximately homogeneous channel 
characteristics. The division into reaches was based on 
inspection of topographical maps, consideration of the 
hydrologic coefficients calculated from survey data, 
and a knowledge of the general physical characteris-
tics of the study area obtained during survey trips. 
Only those tributaries which were considered of suffi-
cient interest were modeled. Other tributaries were 
treated as point loads on the streams which they fed . 
The most upstream point modeled on a tributary is 
called the model headwaters. At each of these model 
headwaters boundary conditions for hydrologic and 
water quality variables were obtained from data 
collected during the sampling exercises. Thus the 
length of a tributary modeled was determined by the 
location of the most upstream sampling point on that 
tributary. 
In reaches where the river was contained in more 
than one channel, these channels were represented in 
the computer model by a single "lumped channel." 
Figure 11 is a map showing the subbasins and 
reaches comprising the system layout. It also shows 
the values used for Manning's roughness coefficient 
and the average slope of each reach. The diversions 
and point loads included in the model are shown in 
Figure 12. Sampling point and USGS gaging station 
locations are shown on Figure 13. Appendix B contains 
a list of descriptions of sampling point locations. 
The rapidly growing ski resort of Park City is 
rained y two separate streams systems: the Empire 
Creek-Silver Creek System which flows directly into 
the W ber River at Wanship just below Wanship 
Re er '; and the McLeod Creek-Kimball Creek-East 
anyon Creek System which flows into East Canyon 
Reservoir. 
Empire Creek was modeled from sampling point 
P-110cated at the gate of Judge Mine, 1/2 mile above 
Park City to its confluence with Silver Creek a 
distance of just over 3 miles. This portion of Em~ire 
Creek was represented by Reach 1. At sampling point 
P-1 the flow is of the order of only a few gallons per 
minute in the fall. Empire Creek flows through the old 
part of Park City with a very steep gradient and then 
past a solid waste dump. Stream characteristics for 
this reach were obtained at sampling point P-2. 
The next 8 miles of Silver Creek are interspersed 
by two marshy areas where the stream diffuses across 
meadowlands. The marshes, which were approxi-
mately 100 yards across and oval in shape, were 
represented by Reaches 3 and 5. Reach 5 is over twice 
as long as Reach 3 which is only 1/4 mile in length. The 
marshes are full of algae and are characterized by 
cattails and other phreatophytes. In Reaches 2, 4, and 
6 on either side of and between the marshes the 
stream has become incised into the surficial alluvium 
and resembles an irregular ditch with overhanging 
grass and vegetation along its banks. The stream 
gradient in these reaches is more mild than that in 
Reach 1. Bed conditions are mainly pebbles and sand, 
with some rocks providing an intermittent tumbling 
effect. There is a little shading along these reaches. 
Flow in Reach 4 is augmented by inflow from ];)ority 
Springs and two irrigation diversions were identified 
in Reach 6. For Reaches 2, 4, and 6 hydraulic 
characteristics were taken from sampling point P-3. 
The marshes differ from the other reaches in both 
their hydraulic characteristics and their effects on 
stream quality. Hydraulic characteristics for the 
marshes were estimated by considering them as wide 
channel segments with the same detention time as was 
measured in a salt-tracer study performed in-situ. 
Silver Creek enters a canyon below Reach 6 and 
then flows past the town of Wanship into the Weber 
River. This seventh reach is approximately 6 miles 
long. Several farms are located on the stream in the 
Wanship area and there is evidence of channel 
modification due to highway construction. The steeper 
stream gradient through the canyon becomes milder 
at Wanship and the channel becomes wider and 
shallower. Bed conditions are cobbles and pebbles. 
Channel characteristics were represented by those at 
sampling point W -17. The mean annual runoff 
(1932-1962) at USGS 10-1300 on Silver Creek was 4590 
acre feet (Haws et al., 1970). 
The model headwaters of the McLeod 
Creek-Kimball Creek-East Canyon Creek System 
were located at sampling point P-4 (located at the 
4-foot rectangular weir, 300 feet north of Silver King 
Mine). The wier is used to measure Spiro Tunnel 
water which then flows around the new golf course in 
a man-made channel and across a field to its confluence 
with McLeod Creek. This portion of the Spiro Tunnel 
water was represented by Reach 1. It is a fairly 
steeply-sloping reach with a pebble and sand bed and 
little shading. Channel characteristics are based on 
values determined about 100 yards below the point 
P-4. 
McLeod Creek is represented by Reaches 2 and 3 
and part of Reach 4 above the confluence with Kimball 
Creek. The small stream is incised into the surficial 
alluvium and flows through relatively flat meadow 
land. Bed conditions are pebbles and sand and there is 
little riparian vegetation to shade the stream. Park 
City wastewater treatment plant outfall enters the 
stream in Reach 2 just upstream from the confluence 
of McLeod Creek with water from Prospect Springs. 
Hydraulic characteristics from sampling points P-5, 
P·7, and P-8 were used for Reaches 2 and 3. 
Reaches 4 and 5 are similar to Reaches 2 and 3 
although the stream grows in size and the valley 
broadens. During the study period sediment loads 
were augmented by nearby highway construction. By 
Reach 6 the stream is well channelized but only 
scattered vegetation lines the banks. For Reaches 4, 
5, and 6 channel characteristics from sampling point 
P-9 were used. 
The final reach in the 24-mile McLeod 
Creek-Kimball Creek-East Canyon Creek System 
represents the 5-mile stretch of East Canyon Creek 
immediately above East Canyon Reservoir. There is 
some shading from fairly densely spaced trees and 
bushes along the stream banks. The stream gradient 
is .012 and cobbles and sand were observed in the 
stream bed. Stream characteristics for this reach were 
represented by those at sampling point M-l. 
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Wanship Subbasin 
The Wanship Subbasin consists of the Weber 
River from sampling point W -9 to Wanship Reservoir, 
and Beaver Creek, from sampling point W -1 to its 
confluence with the Weber River near Oakley. This 
system has been divided into 11 reaches. 
For model purposes the Weber headwaters were 
defined at sampling point W-9. Reach 1 commences at 
W -9 and extends downstream for 5 miles through a 
wide pastoral valley. The average slope of the pebble 
Fig. 11 Map of the system layout of the Weber River Basin for the 
QUAL-U computer model. 
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and boulder lined stream was estimated to be 0.02. 
The water is shallow and wide with apparently high 
reaeration. Some benthic algae were observed. Reach 
2 is also 5 miles long and ends just above Oakley. It is 
similar to Reach 1 although the valley is more narrow 
and farms are more numerous. Channel characteris-
tic~ for Reaches 1 and 2 were taken from sampling 
pomt 9. 
Reach 3 represents a 2112 mile stretch of the 
Weber River which passes through the southern part 
of Oakley. The reach includes the Weber-Provo Canal 
which in many years exports in excess of 60,000 acre 
feet to the Provo River. The river here is a little 
shallower and wider than the upstream reaches and 
has a very rocky bottom with many large boulder. 
Reaeration was observed to be high. Reach 3 has an 
average slope of .008 and was represented by the 
hydraulic characteristics of sampling point W -9. 
Between the end of Reach 3 and Beaver Creek the 
Weber River divides into several channels that 
eventually join Beaver Creek and which were lumped 
together into Reach 4. This section of the river 
receives the outfall from the Oakley wastewater 
lagoons. Bed conditions are generally rocky and the 
river banks are covered with tall vegetation. The 
average slope is .007 and hydraulic characteristics 
from sampling point W-ll were used. 
The headwaters of Beaver Creek were defined at 
sampling point W-1. The first 3 miles below W-l are 
represented by Reach 5 with stream characteristics 
taken from sampling point W -1. This section of Beaver 
Creek is a small, steep mountain stream which passes 
through a narrow forested valley. Dense brush 
vegetation lines the stream banks and numerous trees 
shade the stream. 
Reach 6 is just over a mile long and receives the 
effluent from Kamas fish hatchery and discharge from 
diffuse springs in the area. The channel characteristics 
are represented by those at sampling point W -4. 
The stretch of Beaver Creek flowing through 
Kamas between sample points W -5 and W -6 is 
represented by Reach 7. Toward the lower end of this 
reach the stream splits into several channels. In the 
computer model these channels were represented by a 
single channel. Hydraulic characteristics from 
sampling point W -5 were used for this reach. The 
average slope is .007. 
Reach 8 is approximately two miles long and 
incorporates a swampy section of Beaver Creek below 
Kamas. The terrain is flat pasture land with very few 
trees. Bed conditions are sand and pebbles and 
abundant bottom growth was observed. Again, 
41 
stream characteristics were based on those at 
samp·ling point W-5. 
The gently sloping portion of the stream 
connecting the swampy area to the Weber River is 
represented by Reach 9. This reach is just over 2112 
miles in length and is well channelized in comparison 
with upstream reaches. Channel characteristics are 
taken from those at sampling point W-7. The stream 
bed is mainly sand and has a significant bottom 
growth. 
Two reaches are defined between Wanship 
Reser.voir and the confluence of the Weber River and 
Beaver Creek. Both Reaches 10 and 11 are well 
channelized and have a fairly uniform cross section. 
This portion of the Weber River is lined with trees and 
bushes and flows through relatively flat pasture and 
farm land. The stream bed contains boulders and is 
fairly wide but shallow. High reaeration is indicated 
by the turbulence observed. There is some moss and 
growth on the stream bed. Channel characteristics ' 
from sampling point W-15 were used for this reach. 
Coalville 
The Weber River between Echo and Wanship 
Reservoirs together with Chalk Creek comprise the 
Coalville Subbasin. 
There has been little direct modification to this 
10-mile portion of the Weber River although flow 
regulation has undoubtedly altered the sediment 
transport and deposition characteristics. A well 
defined channel exists in the upper half of this part of 
the Weber which is represented by Reach 1. Boulders 
were observed in the stream bed at this reach which 
was represented by hydraulic characteristics at 
sampling point W-16. The lower half was represented 
by Reaches 2 and 8. Reach 8 extends from the 
confluence of Chalk Creek and the Weber River to 
Echo Reservoir. Bed conditions are less coarse than in 
Reach 1 and the stream gradient is reduced. The 
valley is wider and utilized by farming and pastoral 
activities. During the study period the elevation of 
Echo Reservoir was well below the high water level 
and cattle grazed within the reservoir limits. Stream 
characteristics from sampling point C-6 were used for 
Reaches 2 and 8. The mean annual runoff (1932-1963) 
at USGS 10-1305 on the Weber River was 136,060 acre 
feet (Haws et aI., 1970). 
Five reaches were used to define the 22-mile 
stretch of Chalk Creek from sampling point C-1 to its 
confluence with the Weber River approximately 1/4 
mile above Echo Reservoir. Reaches 3 and 4 covered 
the 10 miles from the model headwaters at sampling 
point C-l to Upton. Both reaches are characterized by 
a shai ow but wide stream with high turbulence 
caused by protruding rocks. Towards the end of Reach 
3 and in Reach 4 there is more shading from trees 
l'ni g banks, the valley is wide, and farm land is 
I te adjacent to the stream. Reaches 5 and 6 
represent an additional 10 miles of Chalk Creek to 
within 2 miles of its confluence with the Weber River. 
The valley broadens a little more south of Upton and 
the stream gradient flattens, but the beds remains 
rocky and the flow turbulent. In the last reach of 
Chalk Creek, Reach 7, Coalville Wastewater 
Treatment Plant effluent is added after the stream 
flows through the town of Coalville. Although riparian 
vegetation becomes more dense in this reach there is 
less shading because the stream is wider. Sand bars 
we e observed during the fall season low flows. The 
val ey broadens as it joins the valley of the Weber 
River. Hydraulic characteristics for Chalk Creek were 
obtained from sampling points C-1, C-2, and C-5. 
Haws et al. (1970) report that the mean annual runoff 
(1932-1963) in Chalk Creek at USGS 10-1310 was 
40,310 acre feet. 
Morgan Subbasin 
The Morgan Subbasin comprises the Weber River 
between Echo Reservoir and Gateway, and three 
major tributaries: Echo Canyon Creek, Lost Creek, 
and East Canyon Creek. The main stream of the 
Weber is well channelized and of fairly uniform 
characteristics throughout. It is generally a 
boulder-bed stream, highly turbulent, relatively wide 
and shallow, and has significant amounts of mossy or 
grassy vegetation in the stream bed. Between Echo 
Reservoir and Morgan the stream gradient is 
generally steeper than between Morgan and Gateway. 
Six reaches were used to represent an ll-mile 
stretch of the Weber River between Echo Reservoir 
and the confluence of Lost Creek and the Weber. The 
river flows through pasture land and an area of fairly 
heavy farming. Trees are located along the river 
banks and significant amounts of mossy or grassy 
vegetation were observed growing on the rocks in the 
stream bed. Highway construction has resulted in 
extensive modifications to the stream channel 
including straightening, rip-raping of stream banks, 
and man-made rock projections protruding into the 
stream and forcing turbulence. Channel character-
istics for these reaches were taken from sampling 
points C-7, C-10, C-ll and M-8. Just below its 
confluence with Lost Creek at USGS 10-1335 the mean 
annual runoff (1932-1963) of the Weber River is 
241,370 acre feet (Haws et al., 1970). 
The section of the Weber River between the 
confluence with Lost Creek and the confluence with 
East Canyon Creek has been divided into six reaches. 
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This 12112 mile portion of the stream flows through a 
narrow valley shared also by the highway and 
railroad. Bed conditions are similar to those of the 
adjacent upper reaches and hydraulic characteristics 
were represented by those of sampling points M-10, 
M-12, and M-13. 
The 11112 mile portion of the Weber River below 
its confluence with East Canyon Creek and 
downstream to Gateway is represented by six stream 
reaches. It includes the major Stoddard Diversion in 
which typical annual diversions approach 200,000 
acre-feet. A portion of this water is used by the 
Gateway Power Plant and returns to the Weber River 
just above USGS 10-1410 at Gateway while the 
remainder is used for irrigation. Apart from slightly 
milder slopes, this section of the river is similar to the 
adjacent up tream reaches. Hydraulic characteristics 
at sampling points M-10, M-12, and M-13 were used to 
represent this part of the Weber River. At Gateway 
(USGS 10-1365) the mean annual runoff for the period 
1932-1963 was 359,520 acre-feet (Haws et aI., 1970). 
Echo Canyon Creek is a narrow stream with 
model headwaters at sampling point C-8, over 10 miles 
upstream from its confluence with the Weber. It is a 
well defined channel and meanders through a narrow 
valley in close proximity to the highway. Dense grass 
and brush line the stream banks. The gradient is fairly 
steep and the stream bed comprised of sand and small 
pebbles with no boulders observed. Channel 
characteristics from sampling points C-8 and C-9 were 
used for these reaches. 
Lost Creek extends from Lost Creek Reservoir 
just above sampling point M-6 to the confluence of 
Lost Creek with the Weber River, a distance of 
approximately 15 1/2 miles. The stream is tree-line for 
much of its length and passes through farm land in the 
lower reaches. Bed conditions are pebbles in the upper 
reaches grading to boulders in the lower reaches. 
Small amounts of benthic growth were observed on 
the stream bottom. Channel characteristics were 
taken from sampling points M -6 and M -8 located on 
Lost Creek. A high lateral inflow in the last reach 
before the confluence was caused by local springs. The 
mean annual runoff (1932-1963) at USGS 10-1330 on 
Lost Creek was 36,270 acre-feet (Haws et aI., 1970). 
The portion of East Canyon Creek included in the 
Morgan Subbasin is the 15-mile stretch from sampling 
point M-2 below East Canyon Dam to its confluence 
with the Weber. Seven reaches are used to represent 
this part of East Canyon Creek and hydraulic 
characteristics from sampling points M-2, M-3, and 
M-4 were applied. The upper reaches pass through a 
narrow steep canyon with a pebbly bed. In the lower 
reaches the gradient flattens and some boulders were 
observed. The stream is densely lined with trees in 
the lower reaches and passes through farm and 
pasture land. Throughout its length the stream is 
relatively shallow and has a moderate benthic growth. 
Haws et al. (1970) report that the mean annual runoff 
(1932-1963) at USGS 10-1355 on East Canyon Creek 
just before its confluence with the Weber River was 
43,160 acre-feet. 
Ogden Subbasin 
The Ogden Subbasin comprises the Ogden River 
from Pine View Dam to its confluence with the Weber 
River and the Weber River from Gateway to the 
Ogden Bird Refuge Dyke on Middle Fork near the 
Great Salt Lake. 
Ogden River was divided into two reaches. Reach 
1 extends from Pine View Dam to the mouth of the 
Ogden Canyon, a distance of 5 miles. Many summer 
homes are crowded into the narrow canyon in which 
the river is generally well shaded. Stream gradients 
are steep especially through the Wasatch Front. 
Protruding boulders produce a highly turbulent flow 
with high reaeration. Stream characteristics were 
based on those at sampling point H-5. Reach 2 
represents the remaining 4 liz miles of the lower Ogden 
River to its confluence with the Weber River. The 
stream gradient is much milder than in Reach 1 and 
the surrounding land relatively flatter. There are 
fewer boulders in the stream bed which is composed 
mainly of cobbles, pebbles, and sand with a transition 
toward the finer material going downstream. As the 
river becomes wider less shading is provided by the 
scattered trees and bushes along its banks. Channel 
characteristics in Reach 2 were represented by those 
at sampling point H -7. Return flow from the tail race 
of Pioneer Power Plant was observed to increase 
streamflow by a factor of almost six (from 43 cfs at 
sampling point H-6, to 252 cfs at sampling point H-7). 
In the irrigation season~ tail race flows are reduced by 
irrigation rights. The power plant receives water 
directly from Pine View Reservoir via the same 
conduit that supplies the Ogden-Brigham Canal. At 
USGS 10-1395 near Ogden the Ogden River had a 
mean annual runoff of 160,820 acre-feet during the 
period 1932-1963 (Haws et aI., 1970). 
The portion of the Weber River in the Ogden 
Subbasin is a well defined channel, 3311z miles 
downstream from Gateway and includes the steep and 
swift flowing section through the Wasatch Front. 
Much mossy vegetation was observed and protruding 
boulders produced highly turbulent conditions. 
Substantial channel modifications are associated with 
the highway and railroad routes sharing the canyon. 
Channel characteristics at USGS gaging station 
10-1365 were used for this reach. 
Reaches 4, 5, and 6 represent the Weber River 
from the end of Reach 1 to its confluence with the 
Ogden River, a distance of 12 liz miles. The stream bed 
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contains mainly cobbles in the upper parts of this 
tretch and sand and pebbles downstream. With the 
reduced gradient the river becomes wider. Local 
channel modifications were observed. Stream 
characteri tic at sampling point D-1 were used to 
repre ent Reaches 3, 4, and 5. These reaches include 
the Davis and Weber Canal and the Riverdale Power 
Plant diversions, although the latter was inoperative 
during the tudy period. Typical annual diversions by 
the Davi -Weber Canal range between 60,000 and 
80,000 acre-feet. As the river flows around the 
we tern edge of the city of Ogden it receives storm 
ewer flow and industrial effluents. 
From the confluence of the Ogden and Weber 
River to the river mileage zero point at the Ogden 
Bird Refuge Dyke on the Middle Fork of the Weber 
River i a distance of 17 11z miles. This stretch was 
divided into reache 7,8,9, and 10. Approximately liz 
mile below the confluence is Slaterville Diversion 
which i u ed to divert water into the Willard Canal. 
The river pas es through flat open land and has little 
hading. Upper parts of these reaches are used for 
pa ture, but nearer to the Great Salt Lake the land 
becomes marshy. Stream gradients are mild and bed 
conditions are generally sandy. Towards the bird 
refuge the Weber River splits into three principal 
forks which were lumped together and represented as 
one channel in the model. Hydraulic characteristics at 
USGS gaging station 10-1410 were used to represent 
thi portion of the river. Haws et aL (1970) reported 
that average annual runoff (1932-1963) at USGS 
10-1410 located near Plain City was 351,940 acre-feet. 
Model Calibration 
Model calibration involves fitting model 
respon es to observed field data in order to determine 
reaction rates occurring in the particular system being 
modeled. If the conceptual model is sufficiently good, 
the coefficients derived from this process will have an 
acceptable predictive capability. The steps taken in 
this process are as follows: 
1. 
2. 
Obtain a set of field data for flows and the 
constituents being modeled. Values should 
represent average cross-sectional flows 
and concentrations with space and time 
resolution consistent with that of the 
model. For example, if the model is to be 
used in the dynamic mode, data should be 
obtained at approximately 3-hour intervals 
and at all major load points. 
Use the hydraulic model to provide flows 
and channel characteristics necessary for 
input to the quality model. 
3. 
4. 
Assume coefficient and unmeasured inflow 
concentration values based on experience 
and values in the literature. Run the model 
and compare the solution with observed 
values. Adjust coefficients and unmeasured 
concentrations (Le. concentrations in t he 
lateral inflow) until the model fits the 
observed data. Review the coefficients to 
see that they are reasonable. 
Obtain additional field data at areas which 
are indicated as critical by the model. 
The calibrated model should be run against 
different sets of field data to test its predictive 
capabilities. Several adjustments and refinements of 
the model coefficients (and perhaps changes to the 
equations) can be expected before a reliable model is 
obtained. The model may be calibrated at several 
order of resolution in order to identify and accurately 
simulate certain natural processes. For example, 
modeling diurnal variations in dissolved oxygen may 
give the insight to oxygen-algae relationships needed 
for the proper steady-state modeling of some 
"average" value. 
The data acquisition process and the procedures 
for estimating hydraulic and water quality coefficients 
will now be described. Appendix D contains summary 
values of input data and the coefficient values used for 
model calibration. Also, Appendix D contains 
summary values of output for each subbasin. 
Data aquisition 
The various sources of hydrologic and water 
quality data used for calibrating the QUAL-U model 
are described below. Model calibration was based on 
the 24-hour sampling exercise conducted on 
September 18 and 19, 1973. 
Hydrologic data. Boundary conditions to the 
hydraulic part of QUAL-U which must be specified 
are: 
1. Streamflow at each headwater in cfs 
2. Lateral inflow for each reach in cfs/mile 
3. Inflow rate for each point load including 
tributaries, in cfs 
4. Outflow rate for each point diversion in cfs 
In some cases flows at headwaters, point loads, 
and point diversions were measured or estimated 
at the time of sampling. At other locations these flows 
were estimated by a process involving engineering 
judgment based on previous flow records for a similar 
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time of the year, flow measurements made after the 
sampling day during sampling point surveys, and 
assi tance provided by the Weber River 
Com missioner. 
Lateral inflows were estimated using a mass-
balance procedure. Commencing at a headwater, 
inflows were added to the headwater flows and 
outflows were subtracted until a point of known flow. 
such as a USGS gaging station was reached. At this 
point the cumulated flow was compared to the known 
value and discrepancy distributed upstream as 
lateral inflows and/or compensated for by adjusting 
estimated flows at headwaters, point loads, and 
diversions. This procedure was carried out for each 
ubbasin. In addition to providing an e timate for the 
lateral inflow the procedure ensured that a consistent 
et of boundary conditions were used because a 
ma -balance was preserved within each subbasin. 
The flow -balance program described in Chapter 3 
performed the above mass-balance procedure 
automatically. Typical flow data for headwaters, 
urface lateral inflows, goundwater lateral inflows, 
point loads, and point diversions are required for th~ 
flow e timation process and for setting upper and 
lower bounds on flows during the flow balancing or 
adjusting process. These typical flow data consist of a 
monthly average mean daily flow, a maximum daily 
flow, and a minimum daily flow for each month of the 
water year. In this study these data were obtained 
from the latest 8 years of annual reports of the Weber 
River Distribution System, and the Ogden River 
Distribution System. 
Water quality data. Concentrations of the various 
constituents modeled were measured in grab samples 
taken at the sampling points shown on Figure 13. 
Several sampling programs were executed by the 
client but only the data obtained in the 24-hour 
sampling exercise on September 18 and 19, 1973, were 
used for model calibration. 
Model headwaters were located at sampling 
points so that boundary conditions for the water 
quality constituents were known. Some sampling 
points were located on important point loads; thus 
constituent concentrations for these loads were 
available for input to the model. In the case of diffuse 
sources (lateral inflow) and also for point loads and 
headwaters not sampled it was necessary to estimate 
their constituent loading on the stream system. This 
estimation process was after an interactive procedure 
and became part of the model calibration described in 
a later section of this chapter. Initial estimates were 
based on the solution of the equations shown in Figure 
14. 
Point Load 
Lateral Inflow 
whe re : 
Q Flow rate (cfs) 
( "X/V} ( AX/V ) J6.36) + Q C e-k i6.36 ( l /6.x) 
p p 
C Concentration of cons tituen t in fl ow (mgJl) 
q Lateral in fluw (cfs per mi le) 
-f. Dis tance from point 2 to the point load (miles) 
1\.'( Length of reach (miles) 
= Velocity of river (fee t per second) 
= Decay cocfl1cient calculated by trial and 
erro r (per day ) 
Figure 14. Equation for estimating water quality boundary conditions. 
' Hydraulic coefficients 
For each reach the following flow-related channel 
characteristics were estimated: 
1. Manning's roughness coefficient, n 
2. Empirical coefficients k 1, and k2 for Equa-
tion (2) 
3. A verage slope 
Surveys at each of the sampling points provided 
data necessary to obtain these hydraulic coefficients. 
A t each sampling location the following field work was -
performed: 
1. Survey of stream cross-section including 
the banks above the water surface. 
2. Measurement of streamflow rate in each of 
a series of vertical strips across the cross-
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3. 
section using either a propeller current 
meter or a cupped vane current meter. 
Measurement of stream surface slope at 
sampling location using an engineer's level. 
4. Observation of the stream bed conditions. 
5. Estimate of the percentage shading of the 
stream surface. 
6. Representative photogr3:Phs of the reach. 
Field data were collected and reduced using the 
form illustrated in Figure 15. Each survey yielded the 
flow rate Q in cfs, the cross-sectional area of flow A in 
ft2, the mean velocity V in ft/sec, the wetted 
perimeter P in ft, and the stream gradient S in ft/ft. 
Manning's roughness coefficient, n, was estimated by 
substituting the survey data into Manning's equation: 
n = 
1.49 R2/3 Sl/2 A 
Q 
II' 
, I 
'I 
i' 
Sampling Point No. G-2 Bed Conditions Pe.bble.!. i S"'4" c6bbieS 
Date ~ov 17 \ 1~13 Shading 30% 
Hour 08:20 Current Meter O-tt 
Observers F~ K Impeller No. 1 
STREAM CROSS·SECTION SURVEY 
Stream Propeller Salle Reading Mean Mean 
Distance Depth Depth or Counts Velocity Velocity Area Depth Width Discharge (FT) (FT) (FT) Per Second (FT/SEC) (FT/SEC) (FT2) (FT) (FT) (CFS) 
0 0 0 0 0 
0·88 0·75' 0·38 2.0 I)." 
2 o·7S 0·30 9·0 J·7b 
1,.47 2,05 1·~2 2.~(J 5.6' 
4 ./,30 0·52 '7. 0 3·18 
3,91 2,7S /·38 2,0 /0.74-
b 1,45 ().SB 2S.1J 4.1,3 
4-.s4 '2.7S' 1,.38 2,0 /2,47 
B /·3D 0.5"2 24.0 4.44 
4.3~ 2.S0 1.2S 2.0 /a.88 
10 /,20 0.4-8 ~3.D 4,2~ 
.1.63 2.20 / .. /D 2.0 7·99 
12, /.00 0.40 16.0 3·00 
2119 /./0 o.sS 2,D 2·41 
14 ~.ID o,~8 7. 0 '·38 
Qo (50.2 ) 
= 3.6 FT/SEC A= .4. , Qo=50.2 Mean Velocity V 0 = - = 
Ao ( 14.' ) 0 
STREAM SURFACE SLOPE SURVEY 
Stadia Constant .00.3 Stream Gradient S = 
Stadia ' U M L (8,30-6.92) (.oD3) Readings 
Upstream 6·78 /,.92 1. IJ I:J 7. 4t,-,- ,18+ 8·48 - 8·/2. 
Downstream 8./2, 8·30 8.48 o.oo~s FT/FT 
Figure 15. Example of the field sheet used for sampling point surveys. 
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where the hydraulic radius is given by: 
Peterson and Mohanty (1960) classified flows in 
extremely rough steep open channels into three 
regimes: tranquil, tumbling, and rapid. They 
demonstrated that the continuous transition between 
these regimes in a steep mountain stream implied that 
a Manning's n value obtained at a point is not 
necessarily representative of the entire reach. 
Therefore, calculated values of n were checked against 
typical values (Chow, 1959) for the channel conditions 
ob~erved at the survey location and were adjusted if 
necessary. 
The empirical coefficients k1 and k2 were 
estimated from a graph of log V vs. log Q. Each point 
on the graph corresponds to the measured values of V 
and Q. The other points were calculated by varying 
the depth of flow and calculating new values of V and 
Q using Manning's equation in which new values of A 
and P were obtained from the cross-section survey. k1 
and k2 were calculated by measuring the slope and 
intercept of a straight line drawn through the plotted 
points. An example of the calculation of n, k1' and k2 
is found in Figures 15, 16, and 17. 
Channel characteristics obtained from surveys at 
sampling points were supplemented by channel 
characteristics calculated at USGS gaging stations. 
These calculations were identical to those performed 
at sampling points but were based on stream slopes 
taken from USGS topographical maps, and 
cross-section and flow data obtained from USGS 
rating tables and discharge measurement rates. 
An average slope fo~ each reach was measured 
from USGS topographical maps. 
Appendix D contains tables of the values used for 
each hydraulic parameter in each reach. Figure 18 
shows the calibration flows. 
Water quality coefficients 
Values for the coefficients discussed in Chapter 3 
were based on model calibration runs and were held 
within limits of values reported in the literature. 
The calibrated values for the water quality 
coefficients of the different constituents are contained 
in the tables of Appendix D. The literature suggests 
that CK3 (total coliform decay rate) has a value of 3.5 
per day and that the value of CK7 (phosphorus 
adsorption rate) .3 to .9 per day. The benthic phos-
phorus contriputia (CSP), ammonia adsorption rate 
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(CKA1), reciprocal of the yield coefficient for nitrogen 
(CSN), the BOD settling rate, and the benthic BOD 
contribution were not used in most cases due to the 
time of year and subbasins being modeled. The values 
for nitrate adsorption rate (CKA3), ammonia 
oxidation reaction rate at 20°C (CKIO) and the BOD 
decay rate at 20°C (CKL) range from .3 to .9 in the 
literature. Since chlorophyll a was not modeled, the 
net oxygen contribution from phytoplankton (CPR) 
remained constant and was not linked to chlorophyll a 
concentrations. Time limitations prevented the 
measurement of the benthic oxygen contribution 
(CBC) which was not included in the model. The 
reaeration coefficient (K2 was calculated by the model 
using the method suggested by Churchill et al. (1962). 
After the boundary conditions were defined the 
model solutions were compared witp observed 
values (see Figures (19) - (25)). The coefficients 
and unmeasured concentration for the different 
constituents were adjusted until a "best fit" of model 
output and observed data were reached. A check was 
made to see that the coefficients and unmeasured 
concentrations were reasonable. If they were out of 
line with the literature, additional field data were 
needed to further define the activities taking place 
along the river. 
Re8ult8 
Figures 19 through 25 contain a sample of the 
calibration (standardization) runs for the model. The 
lower graph is a loading diagram showing the values 
for point loads and lateral loads. The upper graph 
shows measured values at sample points which are 
denoted by circles, and the calculated values which are 
shown by a continuous line. The direction of river flow 
is from right to left. Tables in Appendix D show the 
calibration values used for input variables and coef-
ficients for each subbasin. and also the calibration 
results. All concentrations of ammonium and nitrate 
are represented as mg-N /1 and phosphates as mg-P /1. 
Figure 19 shows the distribution of coliform in 
Silver Creek from the headwaters above Park City at 
river mile 98 to its confluence with the Weber River 
near Wanship at river mile 81. The coliform 
concentration exceeds Utah State Class C standards 
for most of the length of the river and is unusually 
high in the section that runs through Park City. There 
is no known point source which could account for the 
high inflow of coliform at Park City. It must be due, 
therefore, either to diffuse runoff or to some point load 
which has not been located. For purposes of modeling 
it was assumed that the contribution was derived from 
lateral inflow. This concentration amounted to 30,000 
MPN which is an extremely high value. The coliform 
concentration decreases rapidly downstream from 
,. 
CALCULATION SHEET FOR n, kl' and k2 
Sampling Point No. ___ G_-~2~-
MEASURED DATA 
Area 
Surface Width 
Stream Gradient 
Estimated Wetted Perimeter 
Flowrate 
Mean Velocity 
CALCULATIONS 
A 
Hydraulic Radius Ro =_0 
Po 
( '4. ) 
( lb.) 
Ao 
Wo 
S 
Po 
Qo 
Vo 
FT 
,4 . FT2 
I 4-. FT 
.OOb;- FT/FT 
lb. FT 
~o. CFS 
g·Sb FT/S 
1.49 Ro 2/3 Sl/2 Ao 
n=--.::::..----~ 
1.49 (.815 )2/3 (.00&5 )1/2 ( I 4. ) 
.03 
( 50. ) 
Check that calculated value for n is reasonable 
1.49 Sl/2 
C=---
n 
1.49 (. oob5 )1/2 
( . 06 ) 
Compute additional points for plotting log V vs. IQg Q 
No. D.D WI .6. A Al 
1 
-.4 ,~. 5·2 8.8 
2 +.4 16. I:, 20. 
+Ro Wo +WI 
x .6.D = Ao ±.6. A R-- = 
o 2 2 
From graph: 
Intercept on Q = 1.0 is kl = ___ , '_~_O ___ _ 
Estimated Rl 
PI 
13· 01:,1 
'7· \. \, 
Al 
=-
PI 
(2.·3S-) 26 
Slope of graph is k2 = log ':I ---.------( I. ~O ) 
Figure 16. Example of the calculation sheet used for n, kl, and k2. 
48 
R 2/3 I VI QI 
·17 3.0 2' 
\.07 4.2- 84-
=C R12/3 VA 
LOG V VS. LOG Q 
Sampling Point C-2 
I' 
- - - i - -i'----i- -t-"-i-ir-- --j----1- - ~---I-,-,-:--I--"---+ -1"1--1--+----11---1 
-..:t-- ~- -.-
--t--"-i-- --
-~. 
I ...,. ' ..oA ~ 
~ . , , ' " 
L , ~ I I' 
I""T I I! I 
........ , I " ! , III1 
'" 
I 
-.l 
I I I : , " I U .1':-i ,. I .1 1 I , I I ' ' i ,,' 11 " 1'1, J 
l~ 
I I I I'; , I :!I i,l· I 
> 
I I I , 'I! '." ': 1 I " , 
I' 
, 
, " I I 
s j I ~ I I I I .j I I,. 
2 
! 
I i -: .' i: 
, 
" , , 
, 
. J. I I I Ii I I ,..Ll I., 'J. I .1 1 I !. I I 1 . .1. - 1 '1 I 'II I J 
I Ii, :1;1 I I I i I :1 .1 ' I 
I I III 1 ~ , I I 
I 
, 
~ 1 2 3 4 7 8 9 10 2 3 
I': I 111I ' 'l' 1 
4 5 6 7 8 S 10 
/. 10. Q efs IDo. 
Figure 17. Example of a graph of log V vs. log Q. 
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Park City due to death of the organism and dilution. 
The high diffuse loading rate of coliform may be due to 
inefficient septic tanks in the area or to leaky sewer 
lines. 
Figure 20 shows the distribution of biochemical 
oxygen demand in Beaver Creek from the headwaters 
above the Kamas Fish Hatchery to its confluence with 
the Weber River at river mile 90. The figure indicates 
significant impacts on river water quality due to the 
Kamas Fish Hatchery and the Kamas Wastewater 
Treatment Plant, and concentrations in the lateral 
inflow are approximately 2mg/1 of BOD. 
Figure 21 shows the distribution of ammonium in 
the same length of stream. Here again the impact of 
the fish hatchery and the wastewater treatment plant 
can be seen by the sudden increases in NH4 concentra-
tions in the stream water. Figure 22 shows the nitrate 
concentration along Beaver Creek. The ammonia 
hown in Figure 21 is converted to nitrate (Figure 22) 
as it is oxidized by bacteria in the river. Comparison of 
the two graphs in Figure 22 indicates an 
inconsistency. For the flow conditions at the time of 
the field sampling the discharge of nitrate from the 
Kamas Fish Hatchery (sampling point W -3) would 
result in a river concentration shown by the peak in 
the upper graph. However, the river concentration 
actually measured is shown at sampling point W -5. 
One of the three following conditions must be true to 
account for this discrepancy: (1) The nitrate 
concentration in the sample from the Kamas Fish 
Hatchery was overestimated, (2) the sample from the 
river at W -5 was underestimated or (3)· the flow of 
either the river of the fish hatchery waste was not 
accurate. 
Figure 23 shows the distribution of phosphate in 
Chalk Creek from the headwaters at river mile 94 to 
its convergence with the Weber River near Coalville 
just upstream from Echo Reservoir. A relatively high 
diffuse loading of phosphate is indicated by the model. 
This may be due to fertilizer runoff from the adjacent 
farmland. The impact of the Coalville Wastewater 
Treatment Plant on river water quality can be seen at 
sampling point C-5. 
As an example of conservative material in the 
river, Figure 24 shows the distribution of total 
dissolved solids in East Canyon Creek from East 
Canyon Dam to its confluence with the Weber River 
below Morgan. The slight decrease in concentration 
between sampling points M-2 and M-4 is due to 
dilution from lateral inflows. 
Figure 25 shows the distribution of biochemical 
oxygen demand in the Weber River between Gateway 
and its discharge to the Ogden Bird Refuge at the 
Great Salt Lake. The loading diagram indicates a 
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relatively high BOD concentration (162 mg/l) in the 
Southern Pacific Railroad oil separation plant effluent. 
However, because of the relatively low discharge rate 
of the effluent there is little impact on the quality of 
the Weber River water as measured at sampling point 
0 -5. The Central Weber Wastewater Treatment Plant 
at river mile 12 has a lower effluent concentration (56 
mg/l) but has a much greater impact on the river 
water quality because of the much higher effluent flow 
rate. Here again an inconsistency is obvious. If the 
wastewater treatment plant effluent discharge is 
diluted by river water the resulting concentration is 
approximately 11 mg/l, as shown by the peak in the 
upper figure, instead of the 6 mg/l as measured at 
sampling point 0-11. This discrepancy may be due to 
the fact that the river is not well mixed across the 
cross section at the sampling point. 
Critical Low Flows 
The calibrated model can be used to investigate 
various management alternatives such as the effect of 
different levels of treatment of effluents and the effect 
of different flow rates. An application of particular 
interest to the study of stream quality is the effect of 
low flows on the various constituents modeled. In this 
study 7-day lO-year low flows were calculated from 
historical streamflow records and were used as a basis 
for estimating the distribution of low flows throughout 
the basin by the flow-balancing technique described in 
Chapter 3. 
The 7-day 10-year low flow, QL, is obtained from 
a series of average daily flows for consecutive 7-day 
periods, in which only the lowest of these flows from 
each year of record enters the series. Based on this 
annual series of 7 -day low flows, QL is the magnitUde 
of the 7 -day low flow which has a return period of 10 
years. A return period of 10 years is equivalent to a 10 
percent probability of nonexceedance; that is, the 
probability of a 7 -day low flow in any year being less 
than QL is 10 percent, or: 
\ 
Therefore to obtain the 7-day 10-year low flow at 
a point on the stream where streamflow records are 
available the following procedure was followed: 
1. Calculate the average flow rate for each 
consecutive 7 -day period in the first year of 
data. There are (n-6) 7-day sequences in 
one year of data where n is the number of 
days in the year (i.e. 365 or 366). These 
sequences are composed of the following 
sets of days, where the days in a year are 
numbered 1 through n: (1, 2, 3, 4, 5, 6, 7), 
(2,3,4, 5, 6, 7. 8), (3, 4, 5, 6, 7, 8, 9), ... 
Fig. 18 Ca libration flows. 
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2. 
(n-7, n-6, n-5, n-4, n-3, n-2, n-1), (n-6, n-5, 
n-4, n-3, n-2, n-1, n). 
earch the (n-6) average flows calculated in 
tep 1 to find Q1, the lowest 7-day flow in 
the first year of record. 
3. Repeat steps 1 and 2 for each of the m years 
of streamflow records at the point of 
interest and thus obtain an annual series of 
7-day low flows: Q1' Q2' ... Qm' 
4. Rank the annual series of 7-day low flows in 
a cending order of magnitude to obtain the 
new series rQ1' rQ2' ... rQm· 
5. Calculate the probability of the 7 -day low 
flow, Q being less than each of the rQi' 
i = 1, ... , m, by applying Weibull's 
formula (Chow, 1964): 
P(Q < Q ) = _i_ i-I 
r i 111+1' - . .. ,Ill 
6. Search the list of probabilities calculated in 
step 5 to find P (Q < rQk) < 0.10 < P (Q < 
rQk+l)' The 7-day 10-year low flow, QL' is 
then obtained by linear interpolation 
between rQk and rQk + 1 as follows: 
Q = ( 0.10- P(Q < rQk»). + 
L P(Q< rQk+l)-P(Q<rQk) (rQk+I-Pk) rQk 
Programs 1 aid 2 in Appendix C were written to 
execute the procedure described above. Step 1 was 
performed {n program I, step 2 was performed 
manually, steps 4 and 5 were handled by program 2, 
and finally step 6 was also carried out manually. 
It was decided to use at least 10 years of daily 
streamflow data, where available, to estimate the 
7-day 10-year low flows. Two factors contributed to 
this deci ion: 
1. It was suspected that flow regulation made 
possible by the construction and upgrading 
reservoirs together with changing manage-
ment practices has introduced non-station-
arity into the hydrologic time series. In this 
case the latest 10 years of record can be 
expectd to provide a more meaningful 
estimate ofthe 7-day 10-year low flow than 
would be obtained from using the entire 
period of record. 
2. More time-consuming data preparation 
would be required if large periods of record 
were used. 
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For each ubbasin at least one 7 -day lO-year low 
flow wa estimated by the procedure described above, 
or was obtained from EPA's STORET data storage, 
retrieval, and analysis system, or from the Hydrologic 
Atlas of Utah (Jeppson et aI., 1968). 
On the mainstream of the McLeod-Kimbal Creek-
East Canyon Creek System there are no continuous 
daily streamflow records which could be used to 
generate 7 -day 10-year low flows. Therefore a 
~ trf'amflow record was simulated at a point on East 
anyon Creek immediately above East Canyon 
Re rvoir u ing program 3 in Appendix C. This was 
done by rou ting recorded flows beneath East Canyon 
Dam ( SG 10-1345) back through the reservoir using 
record of re, ervoir elevation at USGS 10-1340. Only 
the late t 6 year of data (1967-1972) were used 
becau e earlier data were collected during and prior to 
upgrading operations on the reservoir. The 
tr amflow record thu generated was analyzed by 
the arne technique described above to obtain an 
stimate of the 7-day 10-year low flow immediately 
above Ea t anyon Re ervoir. The estimated flow of 4 
cfs (Table 2) was confirmed to be a reasonable value by 
the Weber River Commissioner. 
At USGS stations on ephemeral streams the 
estimated value of 7 -day 10-year low flow may be zero. 
To provide a representative low flow at these USGS 
tations which could be used to run the QUAL-U 
model, it wa decided to neglect all zero average flows 
when finding the lowest 7-day flow in step 2. Apart 
from this difference the procedure for estimating QL 
was unchanged. Thus, the flows used for the low flow 
model runs were not always 7 -day 10-year low flows in 
a strict sense, but they were 'criticallow flows' associ-
ated with critical water quality conditions. Table 2 
indicates when the actual low flow was zero. 
In addition to 7 -day 10-year low flows, 30-day 
10-year low flows were estimated by the same 
procedure as described except that the ~verage flows 
calculated in step 1 were for consecutive 30-day 
periods instead of consecutive 7 -day periods (see 
Table 3). Also 7-day 10-year low flows were estimated 
for each month of the year by calculating the average 
flows for consecutive 7 -day periods contained within a 
single month rather than the entire year (see Table 3 
and program 4 in Appendix C). However, QUAL-U 
wa run only for the 7-day 10-year low flow conditions 
(see Figure 26). 
Where required mInImUm flows currently 
enforced exceeded calculated 7-day 10-year low flows 
the magnitude of the minimum flow was used as the 
critical low flow. Such cases are labeled in Table 2. 
Fig. 26 7 day-lO year low flows. 
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CHAPTER 6 
SUMMARY, RECOMMENDATION, AND 
CONCLUSIONS 
Summary 
QUAL model was revised and improved: 
a. 
b. 
c. 
Input-output were made more flexible. 
Model equations were made more 
comprehensive. 
More user options were incorporated for 
for greater computer efficiency. 
The resulting quality model (QUAL-U) is 
4. 
capable of providing predictions of a wide range 5. 
of quality parameters at specified locations 
within a stream channel. 
Accuracy of model predictions depends upon the 
realism of the model equations, the accuracy of 
the mathematical solution technique, and the 
model calibration procedure. The realism of the 
conceptual QUAL-U model is discussed in terms 
of both general applicability and the specific 
application to the Weber River Basin. The 
mathematical solution technique is analyzed by 6. 
comparing model responses to exact solutions 
for a hypothetical river basin. Steady-state 
model responses for BOD and DO were found to 
be very accurate (within 1 percent of exact 
solutions) for river systems containing fewer 
than 200 computational elements. Results indi-
cated somewhat larger errors associated with 
dynamic (time varying) model responses. The 
model was calibrated for one set of data (grab 
samples) collected during an intensive two day 
period at over 80 sampling sites. Model resolu-
tion in terms of realism and solution accuracy 1. 
for the Weber River application is consistent 
with the data available for model calibration and 
the overall project objectives. 
Extensive field surveys (14 field trips, 33 man-
days) were conducted to obtain data pertinent 
to the physical characteristics of the stream 
channel including cross-sectional area, slope, 
roughness coefficient (Manning's n), and bank 2. 
conditions and vegetation. These surveys also 
located significant point sources and diversions. 
Cross-sectional areas and stage-discharge 
curves were obtained from the USGS at each 
63 
gaging station. All data were processed to for-
mulate the streamflow relat ionships required 
by the model. 
A one-dimensional hydrologic (flow balance) 
model was developed for estimating flows at 
sampling locations given flows at USGS gaging 
stations. The model proved satisfactory in pro-
viding boundary conditions for the QUAL-U 
model. 
Critical low flows were computed for use in 
management studies of critical water quality 
conditions. These critical flows were developed 
by adjusting the est imated 7-day 10-year low 
flows in accordance with practical suggestions 
of the Weber River Water Commissioner (Le., 
minimum flow was used as critical low flow-it 
did for 4 out of 15 locations-see Chapter 5). 
Also zero 7-day flows in the annual series were 
neglected. 
The QUAL-U model was applied to the Weber 
River Basin to provide a management tool for 
assessing future point load impacts on the river. 
The scope of this project provides only for sup-
plying the calibrated model to the State of Utah, 
Division of Health, and does not include inter-
pretation of management alternatives. 
Recommendations 
The model was calibrated on preliminary data 
collected at times which did not represent criti-
cal flow periods from the standpoint of critical 
quality levels. Caution is required when using 
the model for predictive purposes. It is recom-
mended that the model be verified and refined 
as necessary using data taken at critical periods 
(summer low flow periods). 
It is recommended that problem areas revealed 
by the model application (for example: Ex-
tremely high MPN in Silver Creek at Park City) 
be confirmed by field observations. These eval-
uations of the model results in terms of problem 
3. 
4. 
requirements will provide valuable information 
for basin management strategy and future data 
collection programs. 
Because of the significant impact of lateral 
inflow on stream water quality, it is recom-
mended that the model be expanded to incorpo-
rate two-dimensional land use systems. 
It is recommended that the stochastic implica-
tions of temporal concentrations variations 
about the deterministic "expected values" calcu-
lated by this model be evaluated. 
Conclusions 
QUAL-U provides an economical means for 
estimating the concentration distributions of 
conservative materials, coliform bacteria, ammonia 
nitrate, soluble phosphorus, carbonaceous biochemical 
oxygen demand, and dissolved oxygen. 
QUAL-U has been applied to two river basins in 
the State of Utah. The evaluation, identification, and 
prediction phases of the application to the Weber 
River drainage have been described in this report. 
The model is presented as a management and 
planning tool for establishing effluent standards based 
on stream standards. This approach reflects the 
opinion of the authors that it is impractical from both 
technologic and economic viewpoints to expect that 
the PL 92-500 goal of best available treatment by 1985 
will be fulfilled . In its final report the National Water 
Commission (1973) recommended that the nation's 
water pollution control policy should be revised to 
restore the principles that (1) water is polluted when 
its quality has been altered by the activities of man to 
such a degree that reasonable present and prospective 
uses as designated by public authorities are impaired, 
and that (2) the objective of pollution control is to 
protect the designated uses. They also recommend 
that effluent standards be based on local receiving 
water standards, taking into account the self-purify-
ing capacity of natural water bodies. 
The authors believe that research to establish the 
carrying capacity of a stream in terms of local social 
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objectives could result in stream standards which 
would not foster the degradation of the nation's water 
courses to some uniform level of mediocrity. The social 
objectives from which the stream standards result 
should include aesthetic and recreational values in 
addition to economic considerations related to 
beneficial uses. Such stream standards would 
comprise of different permissible levels of each 
constituent for each reach of the river. In this way the 
water quality of the upper portions of stream where 
little development has taken place could 'be protected 
against a decline in quality to a single receiving 
standard which is based on factors applying to the 
lower reaches where development is more intense. 
Thus certain reaches may be assigned in which high 
concentrations of some constituents would be 
permitted provided the self-purifying capacity of the 
stream was not exceeded and the effects of these 
concentrations could be restricted to the designated 
reach. 
It is suggested that the above approach to water 
pollution control is realistic in terms of the existing 
and future technologic and economic constraints. 
Although the use of variable stream standards along a 
stream cannot provide pristine waters throughout its 
entire length, it would facilitate stream water quality 
which compromises the aesthetic, recreational, and 
economic dimensions of societal objectives through a 
trade-off process. Furthermore, the techniques for 
analyzing river systems to determine their carrying 
capacity are reaching an advanced state of 
development for the well understood constituents that 
comprise present stream standards. However, if 
stream standards are to be an effective means of 
maintaining stream water quality each constituent in 
the complex aquatic system must be covered by the 
standards. Currently additional research is needed 
into the complex interactions between constituents 
that are poorly understood. Therefore, the limitations 
of present models must be considered when applying 
river simulation models. 
QUAL-U is an example of a management and 
planning tool which has been proven to be effective in 
applications to two Utah river basins. As the program 
of improvements to the model is continued its value to 
those responsible for pollution control will be 
enhanced. 
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APPENDIX A 
QUAL-U MODEL INPUT INSTRUCTIONS 
Input/ output modifications to 
existing model 
The input requirements for the original program 
have been ext~nsively modified to provide lTeater 
ease of operation. Output displays have been added t<> 
provide convenient summaries of hydraullc and 
quality input parameters. Major modifications include 
the following: 
1. 
2. 
3. 
4. 
The number of user options was increased 
from 8 to over 1000. Any combinatiot. of 
constituents can now be modeled; there-
fore, redundant calculations are eliminated. 
Hydraulic data are input separately from 
quality data. Data for each quality constit-
uent are input as a separate entity. Data 
need be supplied only for the constituents 
being modeled in a particular run. Data 
which are provided in the input deck for 
constituents which are not being modeled 
in a particular run are ignored by the 
program. The total number of input cards 
has been reduced and the ease of 
conducting management runs, has been 
greatly enhanced. 
An optional output table was added to 
provide a eonvenient summary of the 
system layout and the hydraulic para-
meters of the channels at each computa-
tional element (main channel flows, lateral 
inflows, cross-sectional areas, hydraulic 
radii, and average velocities). Thus a quick 
scan of the table will enable the user to spot 
unreasonable parameters which would be 
used in model calculations. 
An optional output table was added to pro-
vide a convenient summary of the water 
quality constituent parameters. This table 
is most useful during model calibration. 
Definition of input terms 
The model has the capability of simulating any 
combination of 10 water quality constituents. The 
constituents are shown below: 
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Following is a list of the input data requirements 
with the definition for each term. The input format for 
each term is shown in the next section. 
CMANN 
COEFQH 
COEFQV 
DISP 
EXPOQH 
EXPOQV 
FCONI 
through 
FTEMP 
FLAG 
FIELD 
(IFLAG) 
IDISOP 
Manning's n roughness coefficient for 
the specified reach. 
Coefficient for the conversion of flow 
to hydraulic radius (ft/cfs). 
Coefficient for the conversion of flow 
to velocity (fps/cfs). 
Dispersion coefficient (ft2/sec) used 
when IDISOP = 1. 
Exponent for the conversion of flow to 
hydraulic radius (dimensionless). 
Exponent for the conversion of flow 
velocity (dimensionless). 
Traction of constituent removed from 
point loads for the specified constit-
uent (to represent treatment of point 
discharges for management runs). 
Numerical flag assigned to each 
computational element: 
= 1, headwater element 
= 2, all elements other than these 
with special functions as indicated by 
flags of 1 and 3 through 7. 
= 3, upstream element adjacent to a 
junction. 
= 4, downstream element adjacent to 
a junction. 
= 5, last element in the system. 
= 6, element with a point load. 
= 7, element with a point diversion. 
Dispersion coefficient option: 
JUNC-1 
JUNC-2 
JUNC-3 
NCELR 
NHWWAR 
QI 
RMTEOR 
= 1, use input dispersion coefficient 
DISP. 
# 1, calculate dispersion coefficient by 
the following equation: 
DISP = 22.6 n VhO.833 
where n = Manning's n 
V = velocity (fps) 
h depth (ft) 
Element number on the main channel 
upstream from the specified junction. 
Element number on the main channel 
downstream from the specified 
junction. 
Element number on the tributary at 
the specified junction. 
Number of computational elements in 
specified reach 
Number of headwater sources avail-
able for flow augmentation for 
specified reach. 
Lateral inflow to specified reach 
(cfs/mile). 
River mile to end (downstream) of 
reach (miles). 
RMTHOR 
WSFLOW 
River mile to head (upstream) of reach 
(miles). 
Flow of a point load or diversion (cfs). 
1) If positive, a point load is 
indicated. 
Input data formats 
Formats for the input data are shown in the 
remainder of this appendix. The definition of terms for 
the hydraulic input data are contained in the previous 
section. The following terms are found in the quality 
input data: 
INIC 
INCR 
HDWC 
WSTC 
Initial concentration of the specified 
constituent in each reach. 
Concentration of the specified constit-
uent in the lateral inflow. 
Concentration of the specified constit-
uent in each headwaters (must be in 
sequence). 
Concentration of the specified constit-
uent in each point load. (Must be in 
sequence. Leave blank for diversions.) 
The definition of coefficients are found associated 
with Equations 17 through 24. 
Table 2. Water quality constituents included in the 
QUAl.rU model. 
Code Code 
Number Name Description 
I CONI Conservative substance (mg/I) 
2 CON2 Conservative substance (mg/I) 
3 NCON Nonconservative substance (mg/I) 
4 COLI Coliform bacteria (MPN/IOO ml) 
5 ALGA Phytoplankton as chlorophyll a (pg/l) 
6 PHOS Phosphorus (mg/I) 
7 NH4N Ammonium (mg/I) 
8 N03N Ni tra te (mg/I) 
9 CBOD Biochemical oxygen demand (mg/I) 
10 DOXY Dissolved oxygen (mg/I) 
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APPENDIXB 
SAMPLING POINT LOCATION DESCRIPTIONS 
LOCAnON LATI11J DE LONCI11JDE RIVER MILES ELEV ATIO 
C-I Chalk Creek ouovo Upton 
4cts147.· II /" o {~ S ::;' 70 feet above bridge q ~.<D.g (~ll~ 
C-2 Chalk Creek a bove Coolvillo WWTP 
140·5S' /3" R.R. bri dge 100' above WWTP outfall, north bonk below brldge III °24' o~" 17. . 01 .c;s Cn :'> 
C-3 Coolvi lie WWTP effluent 
140° ",S 13" 11 1"7.·{Oq '· East effl ue nt into Chalk Creek, S. E. corner of plant enclosure. lz..O~ S')!o z, 
C-4 Coolvi lie WWTP effluent 
11/°24'/3" West e fflue nt into Chalk Creek, south of tonk. 4 DoSS' 12" 1 '2. , 04 c.,~(n I 
C-5 Chalk Creek be l:w Coolville WWTP 
/I 
ISO' below west outfall from WWTP, north bonk. 40· !rS ' /~ " 1/1 0 24 'IS n. o l 55(00 
C-6 Weber River a bove Echo Reservoir : 
West of Texaco Station and od jocent pork, east bonk of river, 
400S~'<1 ul' south of bri dge, 100' upstream on rocky point. ,/1 ° 24 ' 02" l~ . 'il l 51005 
(:-7 Weber River bel ow Echo Reservoir 
East bonk 30 feet obolle confluence with Echo Creek. 4 0 ° 5,& ', <1" 
'" ° V.' 14/1 (0 1 . 3 (Q s,q4'2 
Echo Creek about 8 mi les upstream from Weber River 
I \ C-8 
At Emo ry, 2 mi les obolle Hei nors Canyon, midwoy bwtween 
signal towe r 9433 and Emory Sign on R. R. tracks. 41 ° 0 2 ' ";)&" 111 ° I 'B' O?" 7Io.Q() 51 ' 0 
C-9 Echo Creek at confluence with Weber Riller 
South bonk, 50 fee t upstreom from confluence 40 0 5'i(' ' l'' III' Z~ 'I~ " {07 . 31'o S'1 <l7 
C-l0 Weber River obolle Henefer ; 
At U. S. Highwoy 30 bridge, e ast bonk, just below bridge. l\1·OD' ~q · 1\1 0 l.q' lfJ" (ol .q I 'i, .W iZ 
C-ll Weber River below Henefer 
1 mile below Henefer at 1-80 bridge, south bonk, 30 feot ~l oOI' st" 11I1 0 3Cl'Z<1 ,1 upstreom from bridgo. &'0.1\ ':>30 7.-
0-1 Weber Rive r at mouth of canyon . 
4 1° 0 '6'01 " Upstream from highway bridge, south Iide Ill o 5s'5(o" Z q.~c.., 4<;(.4 
Ca t'lCl l 
0 - 2 Weber Aq ueduct at WTP No. 2 
Top at SE co rner of treotmont bosins "11° 11'1' ."-/\" II 1° Slo' 33 " · no) ~(·1 '~ ·~~ <1~6 
Ca V'OI 
0-3 Davis Aqueduct ut WTP No.3 
Top at SE corner of concrete basin <11 °CXD' 3( " 11I °,),q'30 " 4303t(-)l~. 'i 4QoS 
0-4 Davis Aqueduct at WTP No.4 CO V'O 1 
Top at concrete structure at SW corner of grounds. :4o o S3'ZS" 11 10 ">1'2.4" 1t1'\.()H (. \z'l!.~ ~73S 
1~()'a+E'd 
0 -5 Centervi lie Creek S1rt!tlW' 
At gaging station, east on 100 North Street, at aqueduct. <:1flo ~C;' tY'l~ :111 °51'44 ' CeY\'k"" I Ie 4(0(00 7'; ,..,,~~ 
0-6 Davis-Weber Conal near loy ton 
Cqr'la l' . 
'Where conal crosses Hillfield Rood, 0.5 mile south of 
Hill Field, west lide of culvert, south Ilde; <:\1°6(,,'0 5" 1 \loSq'.q~" ~.~1+{-) '4.0~ 4~S3 
H- l North Fork of Ogden River 
41° 73'13/1 1\1° ~<I'55 " "> 1 (01') Gaging station 0.5 mile above Camp Utobo, In Section 35. 'l,q. 17 
H- 2 Middle Fork of Ogden Rivor . 
'41° 1 , ' <lZ " 11 10 45 ' 1.3 " 504Z, 10' below dive~ion structure on Browning Conol, near locked gate. '7 .. 1 / 
H-3 South Fork of Ogden Riller below Camp ~iesel' 
50' below bridge at Boy Scout Camp. '11 " 1 ~' S~" I lI o ~4'3Z " 4 4 . 02> S(oQ7 
H- 4 South Fork of Ogden River 
500' obolle diversion of Ogden Volley Conol 
0.5 mi Ie below gaging station. 141·'CD'oS" 111 °41' ClO" 3~. ~ 3 511.1 
H-5 Ogden River below Pine View Dam 
NE corner of WT Plant, south bonk. 141 "' 15 ' 17" IIl b 50'4Q" 1..(0.10 <1 1Q( 
H-6 Ogden River at mouth of Ogden Canyon 
Abolle dillersion of North Ogden Conal, north bonk, 
.q ID ,4'CQ " 111 0 5 5 '3C1" SW corner of control box . 71, ql <140~ 
H-7 Ogden River at Washington Blvd. bridge 
41° ,4'01" 11, 0 ~'l'/I" South bonk 50 ft . below bridgo on rock steps. I q.loL 4ZQ Z. 
H- 8 Ogden Riller above confluence with Weber River 
. 500 ft . upstream from confluence, north bonk by large 
4(D\<\'16" ° , ~1.103 forked cottonwood tree. ,' Z 00 0'1 11 .5(0 
Conal 
H-9 Ogden- Brigham Conal near Pleasant View \I~QOO'OI " 11.416 + q.S I a t 1100 West Stroet . 4\0(q'5(j" +(-) 1 ~ .'~ 3 <:ltD 7D 
71 
LOCATION LATInJDE LONGlnJDE RIVER MILES ELEVATION 
M-! East Canyoncrecl( CioovcEoSF""Conyoii"ResciVoi r --_.-
On west bank, above road crossing at upper end of reservoir. 14(")o~:">'IO" ",","1' St." rol ql c.,(~{"() 
M-2 East Canyon Creek below East Canyon Reservoir 
0 . 5 mil below reservoir at old bridge, east bonk above bridge . 14(')o-:-,-o,'7.£/' ! 111°,(,1 Z7 " ,,<;(' . ~, 5<\13 
. . 
M-3 Hardscrabble Creek near East Canyon Creek 
South bonk upstream from highway bridge near confluence with 
East Canyon Creek, 0.5 mi Ie above Portervi lie Church and store . 140
4 
S'K'?I" (1°<lo'Z4" 52.31 51105 
M-4 East Canyon Creek above Weber River confluence 
Richvi lie Lane Road, about 2 mi les south of Morgan, east bonk, 
upstream from bridge. 4/ °00 ' Zq " 1111"41\'4<\" 4'1 .'D So«3 
M-5 Lost Creek above lost Creek Reservoi r 
By bridge, upstream, west bonk. 141°1 ~ 'at~" ! III °1.t'41" 7 3.S(o (gQ3 L 
M- 6 lost Creek below lost Creek Reservoir 
East of metal bui Idi ng wi th fence, an concrete slob, south bonk . !'\Io 10 '4.7" 111° Z.4' II" 10.1'1 S'i?'~ 
M-7 lost Creek above confluence with Weber River 
500 ft . above confluence, at end of pork, east of retaining wa ll, 
4(o6~' ?:i9" 1\ I • 3 z. I I"Z" north bonk, above eFFluent from norlh. 57. 7.,2" 5"2..3<6 
M-8 Weber River above confluence with lost Creek . i()IOCl3' .",<\" 11 1'31.' Iq" S7.14 Sl3S 
M- 9 Weber River above Morgan 
Round Volley Narrows, 0.5 mile above Como, south side of 
Weber River where river flows south directly toward rood . <11° OZ.'3'i!" I 1I°3'{ S7" .(lq.II !:>oQ3 
M-I O Gordon Creek above confluence with Weber River 
U. S. Highway bridge, south of Highlands Subdivision 41 "o'i?'3,"\" , 11°<\'l'lO " 35.~" £1'&"1<1 
M-l l Gordon Creek above Highlands Subdivision 
Upsl ream from rood bridge at north end of subdivision. 41"6'1' CiD1' Ill o 'n'30" "'Ao.Oq c".YY) 
M- 12 Weber River at ';~oddard Diversion 
West fork of "Y", concrete walkway below trash rock, north 
41°0<1"1" III°<\~ '40" bonk berond retaining wall. 43.03 qqql 
M-13 Weber River at Gateway 
E,lo 0 1' 1.3 " III·y.)'1.q :"~.0' "',1)::' . E ... \ of- Gotewo,/ Po ..... , !,Iant; llf"lreo", from bridqe, ~(')"th side • 
0- 1 Wc~t of River (It R.v<!rdale Bndgo 
East bonk above bridgo. 41°I{)'51' III°Sq'~1 " 27.0'1 lJ~~ 
0-2 U. P.R . R. Oil Separation Plant erriuent at 42nd Street 
1250 ft. downstream from Riverdale Rood, 40 rt. SW from oil 
separation tonk dumps into 6" C.I . S. P. of sewer district. 
Effluent discharges from 6" pipe . ~ 1° II' 0'&" I'" ~q121" 'Lt.'ilz, 43,4D 
0-3 U. P. R. R. Oi I Separation Plant arriuent at 36th Street 
12 " concrete pipe on east bonk at abou t 36th Street, west of : 
silver train cor. 41°11' S,, ' I1I1 ° S'l 'z 'i" 20.% 4">1.5 
0-4 Weber River at U. P. R. R. bridge at 33rd St ree t 
North of 31st 1-15 off-romp, east bonk, downstream from bridge. "11° (1,' 13" 1/I(oStt'LS '1 7().4'l 4311, 
0-5 Weber River at 24th Street bridge . 
West bonk adjacent to Wilson Canol headgote. 41° 13' 'Z.!>'I 1111°5'1"," 1'it'.qO 42~7 
0-6 Weber River at 22nd Stree t above S. P. R. R. Oil Separation Plant . 
Immediately a!'ove effluent on east bonk of river, SW from ponds. 4/° 1~'3'i(' III ° 5'1' II" I'iI.S' 4z:X1 
• I 
0-7 S. P. R. R. Oi I Separation Plant erriuent 
Ncar SW corner of ponds . 41 ~ 13 140? III °5'l' 1'3" I'ii'. S0 4 1..1 "l 
0-8 Weber River at 21st Street below S.P.R.R. Oil Separation Plant 
1,000 ft. downstream. 41°/3'45" 111°C,Q'.,,3" I "i. 3D 4zil. 
~-9 Weber River at Slaterville Diversion 
South bonk below gales . l1l014'13/l III."OO'Z.q" 11.0? 41<:'''' 
0-10 Weber River above Central Weber WWTP errluent 
<1\° 1:,,05" 81h Soulh and 271h West at bridge, north bonk, wost of bridgo. 11I7°lY1..'4Z" 1<1.5 1 41..30 
0-11 Weber Rive r south of Plain Ci ty 
1. 5 miles south of Plain City at bridge on Highway U-40, 
£1I Q llD'4,"l': IIIZ·OS '.-z;z.~ q.,)q 4'7 Ito north bonk west of bridge. 
0-12 South Fork of Weber River at Ogden Boy Bird Rofugo m"o '1'~'iI' South r.nd of dike, below gate. 4,'11'11.." n.oo dUXo 
"II 
.. 
13 '0 2 " IIZ"Oq 37 " 
0-13 North Fork of Weber River a t Ogden Boy Bird Refuge 
Beyond dike on main channe l, below middle ga te, or In middle ·1·1Z.'4~ " /I Z·6q'~7 '" uClO ~ZD0 . ; 
" 
I ,":'Ii( r h r ;s n t flowin • 
11 
P-l 
P-2 
P-3 
P- 4 
P- 5 
P-6 
LOCATION 
Empi re Creek above Pork Ci ty, 
At gate 10 Judge Mine, 1/2 mile obove Pork City, we.t bonk. 
Silver Creek below Pork City 
100' above bridge to tro.h dump, above old .teel pipe, above 
pond on we.t . 
Si Iver Creek near 'Silver Creek Junction 
1. 5 mi Ie. NE of Si Iver Creek Junction, near Atkinson. 
Spiro Tunnel Water 
300' North of Silver King Mine, 4' rectangular weir. 
McLeod Creek above Pork City WWTP outfall 
50' upstream from WWTP outfall, flow from Spiro Tunnel, 
Sullivan Spring, and Thiriot Spring. 
Pork City WWTP effluent 
LATITUDE LO GITUDE RIVER MILES ELEV A nON 
1410 
12" concrete pipe, upstream from bridge, about 4,500' 
downstreamfromWWTP. '10o <tO'?>3" I /I''''''f'\q " 'i<4.l.1 (n(nq() - ------------~~--~----------------------------------~~~~~~-u~L4~~~--+_~~~--
P-7 
P- 8 
P-9 
P- l 0 
McLeod Creek b~low Pork City WWTP outfall 
Upstream from highway bridge on north side. 
Murnin Spring 
Murnin Spring at suppressed weir, upstream, north side. 
East Canyon Creek near Kimball Junction 
1.5 mile NW of Kimball Junction, north 50 feet from 
north edge or park, west bonk. 
Creek from Summit Pork 
1 O~~' ee~1 of Gorgo:z:a, 300' west of ~ulvert under interstate, 
I north bank . 
'-;-:W:7'_7'1 --Be;;-'-av-e, -':reek above Samak 
W- 2 
W-3 
W-4 
W-5 
South on lone, 100 yds. SW of Wasatch National Forest sign. 
Beaver Creek above Kamas Fish Hatchery 
Above Fish Hatchery effluent, 
South bank 100' upstream from effluent. 
Kamas Fi.h Hatchery effluent 
Above confluence with Beaver Creek, below lost pond, north bank 
Beaver Creek below Kamas Fish Hatchery 
Below Fish Hatchery effluent, under bridge 
soulh bonk. 
Beaver Creek above Kama. 
_ _ ____ .:..1 .:.:.m::,:i I~e....:a:;::bove Kamas cost of bridge, 100 feet above weir, south bank. 
W-6 Kamas WWTP Lagoon effluent 
1.5 miles NWof Kames effluent from underground pipe. 
W-7 Beaver Creek below Kamas WWTP 
Rocky Point bridge on Rocky Point Road above bridge 100 feet, west bank. tjoo 4D' SO" m',G' 01' ,/z .q':l 
W-8 Smith Moorehouse Creek above re.ervoir. 
(n(n<:l. 7 
(n7.~ , 
(. 7 40 
(0136 
("Sc<o 
At bridge to Ledgeforl: Campground (by guard station) east . 
_ .. _______ ~bo~nk~be_l~ow~b~ri~dg~e~,_I_m.:..i.:..le_ab.:..o_v_e_re_s_erv.:...:..oi~r.~ _____________ +14~A~'G~~4~'~3~~~'~~/~llo~O~S~'~5~O~H~'~D) ,q~.~Sq __ ~_~11~74~~~ __ _ 
'0-9 
W- l0 
W-l1 
W-12 
Weber River above confluence with Smith Moorehouse Creek 
Aspen Acres bridge, 1 mi Ie east of Smith Moorehouse Creek 
Creek Bridge North bank, below bridge ( NE of Pine Ranch). 
Weber River above Oakley . 
0.5 mile SE of Oakley, north of Highway Bridge, south bonk. 
Port of Weber River flow obovo Oakley WWTP Lagoons 
Above effluent, SW Corner of Lagoon enclosure, north bonk. 
Oakley WWTP Lagoon effluent 
At WWTP effluent, north bank. 
W-13 Port of We~r Ri~!:~ flow below Oakley WWTP Lagoons. 
W- 14 
W-15 
W-16 
W-17 
, 50 ft. \,nlnw "[f1"r, nt . norlh bonk. 
Doleted 
Weber River above Rockport Reservoir 
Gaging station upstream from reservoir, e.ast bank upstream 
from highway bridge. 
Weber Rive r below Wanship Dam 
Above gagi ng stati on be low spi IIway, west bank. 
Si Iver Creek above confluence with Weber River 
In Wanship, below bridge . 
18 
/().q. '61 lJ.llA 
~4 Z.0 
'i!1.44 
APPENDIXC 
PROGRAMS TO ESTIMATE CRITICAL 
LOW FLOWS 
79 
II . 
PAGE GENERATE NSEQ DAY SEQUENCES AND RANK IN ASCE~DING OROER 
DIMENSION X (400), P (400), XGUM (400) 
500 'ORMAT (415) 
504 'ORMAT(IHI,2II0) 
505 'ORMAT C2X, 14,:5)(, 12, 14, I3,2)(,12f'5.0/20)(, 121'"5.111/20)(,71'"5.0, :5'8.0) 
51/18 I'"ORHATCI5,10F10.2) 
5011 'ORMA TC 101'"".2) 
510 'ORMATC3I4,18Fe.I,19(/20F6.1» 
READ(e,500)NYRS,NSTN,IR,NSEQ 
00 50 nel,NYRS 
IFCIR.EQ.S)GOTO 20 
IIe0 
00 10 IM e l,12 
I1eII+1 
neIt+:51 
READ ce, 5e5) NOaTN, MTH, NYR , NDAVS, (X CI) ,1-11, II) 
U-IhNoAVS-:51 
U CONTINUE 
GOTO 25 
20 READ (5, 5U) NOSTN, NYR, n, (X (Il ,I -I, 3ee) ,TOTAL, I'MEAN, ACI'"T 
II'CII.GT.3ee)Ile3ee 
25 NSEQleNSEQ-l 
WRITEC6,5e4)NSTN,NYR 
WRITEce, 5U) CXCO,Iel,Il) 
SUM-0. 
0030 Jel,NSEQ 
SUMeSUM+X (J) 
:50 CONTINUE 
xC 1) eSUM/FLOAT CNSEQ) 
XI-X(1) 
lei 
WRITE (e,50S) I,SUM,X (I) 
IIIen-NSEQI 
DO 4e 1-2, III 
IJ-I+NSEQI 
SU''''SUM-X1+X (IJ) 
)(lelC (0 
X (I) eSUM/nOA T CNSEQ) 
C WRITE(e,!!08)I,SUM,XCI) 
40 CONTINUE 
10-1 
IROe-l 
CALI. RANIC(X,III,P,XGUM,IO,IRO) 
5e CONTINUE 
STOP 
END 
Program 1: To calculate the average flow rate for each consecutive NSEQ day period in a year of data and rank these now rates in ascending 
order of magnjtude (Step 1 described in 'Critical Flows'. Chapter S) 
PAGE c. SUBROUTINE TO RANK DnA, FINO PROBe AND REO. VARIATE 
SUBROUTINE RANK (X,N,P,XGUM,IO,IRO) 
DIMENSION nll,p(ll,)(GUM(I) 
100 FORHAT(12HIRANKED DATA/lHI1J,eX,IHI,4X,4HPROB,10X,IMT,4X,15MREDUC:ED 
lVARIATE,I5X,4HDATA) 
101 FORHAT (1M ,2X,I5,3X,F6,5,2)(,F10.3,3)(,F10.7,4)(,FI0.2) 
C. IF IRO I.E 0 RANI< IN ASC:ENDING ORDER, OTHERWISE RANK IN DESCENDING 
C. ORDER 
MeN 
l' MeM/2 
IF(Ml25,25,115 
16 KeN_H 
JJel 
17 hJJ 
IS L.eI+M 
IF CIRO) 19,19,2e 
19 II'"(X(I)-XCI.l) 22,22,21 
20 H ' (X(L.)-XCI» 22,22,21 
21 ad (1) 
XCI) eX CL.l 
X (L)-B 
IeI-H 
II'" (I-1l22,18,18 
22 JJ-JJ+l 
II' (JJ-IC) 17,17,14 
25 ANleN+1 
11'"(10) 30,:50,2e 
2e WRITE (8, 100) 
:50 00 40 I-l,N 
EleI 
P(I)-EIIANI 
TeANI/EI 
IF(IROl31,:51,32 
31 XGUHClle-ALOG(-AL.OG(PCIlll 
GO TO 33 
32 XGUMCIl .. AL.OG(-AL.OGCl.-PCI)).l 
33 IFCIOl 41'1,40,35 
35 WRITE(e,101)I,PCI),T,XGUMCI),X(I) 
41'1 CONTINUE 
50 "nURN 
END 
!! 
PAGE PAGE c, SUBRnUTINE TO RANK OATA , 'I NO PROB, AND REO, VARIATE 
DIMENSION X(S0),p(eC),XGUM(6C) 
51le ,.ORMAT (18F5,a) 
501 FORMAT(3I!5) 
51112 FORMAT (1111,rS) 
:503 'ORMlT(1ioi0,10F7," 
READ (G, !lillt) NOSTN, II i. N 
WRITE(e,502)NOSTN ~ 
READ (15, !5G10) ()( CI)' I al,r II) 
IF(N,EO,0)GOTO 20 
00 U I a l,Ill 
lC (1) a'( (I) -U," N 
11 CONTINUE 
20 IojRIH (6.503)(X (1) ,Ial.III) 
IOal 
IRO"1 
CALL RANI«(X,IIl,It,XGUH,IO,IRO) 
STOP 
END 
c, 
C, 
Program 2: To rank an annual..,rie. of flows in ascending order and calculate the probability of e.ch ranked flow. ( teps 4 and 5 
described in 'Critical Flows', Chapter S). 
SUBR'lI JTINE. RA'-IK (X.I~ .P, XG UM,IO.IRO) 
OIMENSIO I~ X (I), p (t), XG UI< (1) 
10 0 FORMATCl'- H RANKEO DATA/ l M0 .fSlC.I I1I ,4X,4I1PR OB,1I!X,II1T,.IX, I!5HREO UCEO 
I V.RIHE ,ex, 4HDAU) 
11'11 'ORMAT (111 ,2X,I!5,:n,FS, ,2~,FI0,3,3X,Ft0,,.,4X,"10,2) 
IF lRO LE ;lI RANI( I'l 43CENOI"IG ORD ER, OTMERWISE RANK I DESCENDING 
14 
16 
17 
18 
19 
20 
21 
22 
25 
26 
31l 
31 
32 
33 
J5 
4C11 
!l0 
ORDER 
HaN 
MaM/2 
11'(1'1) 25,25.16 
l(aN-M 
JJ a l 
IaJJ 
Lal_M 
IF CIllO) 19.19,20 
IF(X(Il-lC(L)l 22,22,21 
InXCL)-qI» 22,22,21 
Ba~ (Il 
X(I)aXCLl 
X (Ll al\ 
1-1-" 
11"(1-1)22,18,111 
JJaJJ+l 
II' (JJ.oI() 17,17,14 
ANl a N-l 
IFCII'I) 31",30,26 
WPITE (15,10\11) 
00 ~'" Ial,N 
ElaI 
PO)aEr/ANI 
hANl/n 
IfCI~O) 31,31,32 
lCGUM (Ila-ALOG (-ALOG (P 0») 
Gil TO 33 
leGUM (ll a-ALOG (-ALOG Ct,-P C 1») 
IF (I Il) 40, ~I'I, 35 
WRITE ce 1101) I I P (I) , T, XG UM CI 1 • lC II) 
CONTINUE 
RETURN 
END 
PAGF. c PPOGPAM TO ROUTE STREAMFLOW ~ACK TH~OYGH RESERVOIR 
DYMENSltlN X (4~0), V e4l' ~ ) 
5~0 FOR H 4T(1~,Fl~.~) 
5~1 FMMAT (F t .I.e ) 
5~5 FO~~AT(2X,r4,JX,12,I4,13,2X,12F~.~/2~X'12F~.~/~~X,7F~.~,JFe.0) 
5 1 P Fnp~.T(~r4,18F6.1,1ge/2~F6.1» 
~2H FnQMA Tfl H ,3I5,~F10.2) 
q E ~ () C ti , to (~ ~ ) N Y R 5 
ID1Q~ 
DO 7~ IVal, JYRS 
READ (6, ~ I;q) 5T 1 
I I C 'I 
liO 1('1 ~Ma!"2 
l1an+l 
!I"II+~l 
R ~ 4 n (F. , ~ >J fo. , OS TN, ~ T H, J Y Ft , ~I n 4 Y S, C X e I ) , I .. I 1 , 1 I ) 
nan., D~V5 -31 
1 ~ C '!'l NliE 
II = 0 
0 1 ?:: I i~ = 1 , 1 ~ 
! 1::1 I r +1 
II=n+:'>-l 
~ E ~ C (C , !J C; !J) '" if :' TN, M T H. I V R , N DAY S, (Y n) , 1 a I 1 , 1 1 ) 
TI I; iT + ~.J() A Y~-:H 
4! ~ CONT NIlE. 
00 :,(:1 j='1,Il 
If- ( V( t) . l. f .",.e01)GOTO ~r. 
ST2::1YCI) 
I D~= 
rlSc(~T~-~TI)·~.5~41f,/FlOAT(ID2_rDl) 
! j) 11 W!l1+1 
'·Jf.G .. " 
lID 4 Gi : Dclnl1, 102 
)( X=x err)) 
Y(Ir,=v(I l )+nFL~ 
IF(i(Ir).Lr.~.) NtG al 
~Q!TE(~'~;'~)!~,I01,rD2,Y(ID),STl,ST2,nELS'lX,~(IO) 
4~ cO "r U 'UE 
y·e, F'G. tn .~)C:OT 47 
SU .... ~. 
~G ~~ IC=ID11,ID2 
.C; LJ r~ .. S 1I r +)( (1 0 ) 
43 ( , TItJIJf; 
!) l.! t~ ., ~ " ... I F L I) AT (I 0 2 - I fo 1 , 
on 4~ rrsr~11,IC2 
'O: :.X(]D) 
Y(I f1 ).~lJ i'1 
W~ITE(~,~2~)ID,rnl,ID2,YCID',ST1,&T2,DEL&,XX,~CID) 
4!'i CC:~TINUE 
47 I D 1.TO~ 
5TlaH2 
50 .cONTH UE 
IDlsti' 
~5 TCHL.~. 
r)n '::17 I~l,rI 
TOTAL c TuTAL +X (I) 
!'57 r:Qto.JTIII: UE 
FMEANa TOT4l/FLOA TlII) 
AC~T;TnT4L/~.~041e 
WR!TE~7,~1~)MO~TN,NYR,II, CXeI),I.l,3e~),TOTAL.FMEAN,ACFT 
7e Cf)NTI"'UF: 
~TfJ'" 
E'JD 
Program 3: To route streamflow back through East Canyon Reservoir. 
82 
IAGE GENE~ATE NSEQ DAY SEQuENCES AND RANI< IN ASC~NOING ORDER BY HTM 
OIHEI/UON X (12,31),1' C'00) ,XGUHC41!1i!), XU (400) ,NDAYS(12) 
see FO~HAT C4IS) 
S02 'ORHAT C 1 M 1) 
S04 FORI'IAT(1MI,3I10) 
S0S 'O~HAT C2lt, 14,3X, 12, 14, 13,2X, 12FS,0/20l1, 12FS,0120)(,7FS,e,3'8.0) 
S0e FORHAT (1212) 
S0t! FORHATCIS,I"FI0.2) 
SeD 'ORHATC10F7.2) 
Sle ,ORHATC314,18,e.l,1;(/2e,e.l» 
lOll 
IROI-l 
REAO(e,Sle)NVRS,N8TN,lR,NS!Q 
WRlTE (15,502) 
WRlTE(8,S02) 
OO!!I nll,NVRS 
I' (1R.EQ.S)GOTO 20 
00 10 IH l l,12 
READ (8, S0S) NOSTN, MTH, NVR , NDAYS (1M) , (X (1M, 1) , 111,31) 
NDAYeNDAY8(IH) 
10 CONTINUE 
GOTO 25 
U UAD(e,S08)CNOAYS(lM),lHII,12) 
READ (S, !!te) NOSTN, NVR, 11, (XXX CI) , 111,388) 
lOll 
DO n 1H e l,12 
NOAY'NOAY8CIM) 
DO 22 11 1,NOH 
X(IM,t)IXXX(IO) 
10 1 10.1 
22 CONT1NUE 
23 CONTINUE 
IF (ll.GT .388) 111388 
25 NSEQ1INS!Q-l 
DO 4' IHlld2 
NOAVINOAVS (IH) 
WRITE(8,SI4)NSTN,NVR,IH 
WRlTE(8,!!e;) (X(IH,I) ,I'I,NOAV) 
SUHel, 
DO 31 JII,NS!Q 
SUHISUH.X C1H,J) 
:50 CONTINUE 
lOIX (I) 'SUM/FLOAT (NUQ) 
III 
WRlT! (8,518) 1, SUM, X)(X Cl) 
111_NOAYI(lM)-NSEQl 
DO 41 1-2,111 
1111-1 
IJ I l1.NSEQ 
SUHISUH-X (IH, l1).x CIH, 1 J) 
l()(l( (1) ISUM/FI.OAT (NSEQ) 
C 1of1l1T!(I!,SU)l,SUH,XXX(I) 
4e CONTINUE 
CALI. IIANKtXXlC,IU,P,XGUH,IO,1II0) 
45 CONTINUE 
se CONTINUE 
STOP 
Program 4: To calculate the ave .. ge flow rate for each consecutive NSEQ day period in .. ch month of. year of dolllllld rank th ... now 
rate. in as«ndingorder of magnitude within eac:h month ; 
BAGE GENERATE NSEQ DAY SEQUENCES AND RANK IN ASCENDING ORDER BY M 
ENO 
PAGE 1 c. SUBROUTINE TO RANK 04TA, FINO PROB, AND REO, VARIATE 
SU!!ROUTINE IIANI< CX,N,P,XGUI'I,IO,IRO) 
OIMENSION X(I)'PO),XGUMCl) 
101 FOllHATCI2H RANI<EO OATAll1<0,6X,IHI,n,4HPROB,10X,IHT,4X,ISI<RfOUCEO 
1 vARI AT!, 8X, 4HDATA) 
101 FORMAT OH ,2X,IS,3X,Fe,~,2X"10,3,3X,FI0,7 ,4x ,FlI!I,2) 
C, IF IRO I.E 0 ~A NI< IN ASCENDING O~OER, OTHE~WISE RANI< IN DESCENDING 
C, ORDER 
MIN 
14 ' ... M/2 
IFCH) 2!!,25.1e 
18 KIN-M 
JJ e l 
17 hJJ 
18 I.II.M 
IF CIRO) 1;,1;,21 
111 IF(X(t)-X(I.» 22,22,21 
U IFtX(I.)-X(I)) 22,22,21 
21 IhXCI) 
XCI) IX (I.) 
X (I.) 18 
hI-11 
IF Cl-1>22, 18, II! 
22 JJ IJJ.l 
tFtJJ-K)17,17,14 
25 AN1IN+l 
1'(0) 30,30,28 
25 WRlTE(I!,lIIe) 
31 DO 40 III,N 
n-l 
PO)IEt/ANI 
TeANI/[1 
IFtIRO) 31,31,32 
31 lIGUHCI)"ALOG(-ALOG(P(I») 
GO TO 33 
32 lIGUHO)I-ALOG(-ALOGC1.-PCI») 
33 IFCIO) 41,40,35 
35 Iof~ITE(8,10llI,P(I),T,XGUH(1),XCI) 
41 CONTINUE 
51! RETURN 
!NO 

APPENDIXD 
CALIBRATION INPUT AND OUTPUT: 
SUMMARY TABLES FOR EACH 
SUBBASIN 
8S 
Table 4. Definition of computer program mneumonics used in Tables 5 through 10. 
Mneumonic 
CK3 
CK7 
CSP 
CKIO 
CKAI 
CSN 
CKA3 
CKL 
CKSE 
CS8 
TARG 
CBU 
CPR 
K20PT 
CK2 
COEQK2 
EXPQK2 
TAMP 
CK4 
BOD 
00 
DOSAT 
K2 
Defini tions 
Rate of settling or scouring of BOD (base e) 
Phosphorus decay ra te 
Phosphorus from the sediment 
Ammonia oxidation reaction rate 
Adsorption rate NH3 
Ammonia from the sediments 
Adsorption rate N03 
CBOD decay rate at 200 C 
CBOD settling rate 
CBOD from the sediment 
Minimum allowable target level for dissolved oxygen concentration in reach 
Benthic oxygen uptake 
Net photosynthetic oxygen con tribution 
Option for determining reaeration coefficien ts 
Reaera tion coefficien t (base e) 
Coefficient of flow for reaeration-discharge relationship 
Exponent of flow for reaeration-discharge relationship 
Temperature amplitude for variable temperature 
Total coliform decay rate 
5-Day BOD in computational element 
Dissolved oxygen concentration in computational elements 
Dissolved oxygen saturation concentration 
Reaeration coefficient in computational element (base e) 
Units 
/day 
/day 
mg/ft2/day 
/day 
/day 
mg/ft2/day 
/day 
/day 
/day 
mg/ft2/day 
mg/I 
mg/ft2/day 
mg/l/day 
/day 
/day 
mg/l 
mg/I 
mg/I 
/day 
TabLe 5-a. Input variabLes . consisting oC constituent Loading and s pecified !Lows . Cor the Wanship Subbasin 
on September 18, 1973. 
Type Name Rivera 
Miles 
FLowb 
(cfs) 
TDS 
(mg/L) 
TotaL 
Coliform 
MPN 
P04 NM4 
(mg/L) (m g /L) 
Headwater Weber River 
Weber River 
Point Load Smith Morehouse 
Weber River 
104.81 70.0 15 6.00 
104.81 11.75 259.00 
103.5 6 6.40 60.00 
99.81 11. 75 259.00 
( ft/l00mL) 
110.00 .02 
500.00 .00 
23 . 00.05 
3000.00 .02 Reach 2 
Diversion NewfieLd N. Bench C . 9 6. 56 6. 00 
Diversion Upper Marion D. 95.81 7.40 
Diversion 
Diversion 
Diversion 
Reach 3 
Diversion 
Diversion 
Marion & Gibb Div. 
BouLder Ditch 
P. S. Bench CanaL 
Weber River 
Rich 0 & W-P C. 
Youngs Ditch 
Weber River 
95.56 18.00 
95.31 8 .70 
95.0 6 10. 30 
94.81 .71 259.00 
94.44 7.30 
93.33 5.10 
92.34 .58 259.00 
1000 . 00 .02 
500 . 00 .00 Reach 4 
Diversion Merchant & Miles D. 9 1. 74 4.00 
Diversion Sage Bottom Ditch 90.94 4.00 
Point Load J ensen Hollow 
Headwater Beaver Creek 
Beaver River 
Reach 6 Beaver River 
Point Load Kamas Hatchery 
Reach 7 Beaver River 
Reach 8 Beave r River 
Point Load Kamas - WWTP 
Bear River 
Reach 10 Weber River 
Point Load NeaL Hollow Creek 
Point Load Big Hollow Creek 
Point Load Fort Creek 
Reach 11 
Point Load 
Weber River 
J 
Crandall Creek 
Point Load 3-Mile Can. -Creek 
a 
90.84 0.00 233.00 750 .00 . 00 
102.88 3 . 00 68.00 750.00 .02 
102.88 L. 15 139.00 1000.00 .00 
100.00 .53 139.00 .00.00 
99.73 2. 60 208 .00 230000.00 . 08 
98.67 10 .71 254.00 .00 .00 
96.30 15 . 4 6 254.00 .00.00 
95.79 2.00 260.00 .00.75 
92.88 20 . 50 254.00 
90. 34 . 87 240.00 
89. 59 0.00 240.00 
89.09 0.00 240.00 
88.59 0.00 240.00 
87.34 .03 240.00 
85.53 0.00 240.00 
85 . 27 0.00 240.00 
.00 .10 
.00 . 10 
.00 .00 
. 00 .00 
.00 .00 
.00 
.00 
.00 
. 10 
.00 
.00 
.07 
.00 
.12 
.0 6 
.00 
. 00 
.00 
.0 6 
.00 
.00 
.11 
.00 
.00 
.21 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
N03 BOD 
(mg/ L) (mg/L) 
.05 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
. 00 
.25 
.00 
.00 
.05 
.04 
.04 
.00 
.00 
.00 
.04 
.00 
.00 
1. 25 
1. 25 
1. 25 
6.25 
4 . 63 
1. 25 
1. 25 
1. 25 
.00 
.00 
3.00 
1. 38 
1. 50 
7.75 
1. 88 
.63 
.00 
.00 
.00 
. 63 
.00 
.00 
DO 
(mg/L) 
6.61 54.00 
8.00 .00 
7.54 50.00 
8 . 00 .00 
8.00 .00 
8.00 . 00 
.00 .00 
7.55 55.00 
8.00 . 00 
8.00 .00 
6.82 56.00 
8.00 .00 
8 .00 .00 
7 . 87 58.00 
8.00 
8 .00 
.00 
. 00 
.00 
8.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
River miles tabulated correspond to the nearest computational element . For reaches the uDstream mileage is shown. 
bF Lows tabulated are: for headwater flows -- the inflow; for reaches -- the total Lateral inflow; for point Loads -- the inflow; 
for diversions -- the outflow. 
c Note that the temperature modeL was not used for this subbasin. By inputing a temperature of OOF the program defauLts to 
using a constant 60 0 F temperature. 
17 
• 
Table S-b. Coefficient values (or each reach of the Wan.hip Subbasin. 
Rea ch Hydraulic 
Manning's 
Total 
Average Coliform 
] [ BOD ][ DO 
CBU CPR K20PT No. Name River 
Miles 
Slope CK3a 
(ft. /ft.) (/day) 
CK7 CSP CKI0 CKAI CSN CKA3 CKL CKSE CS8 TARO 
(/day) mg/tt 2/day (/day) (/day) (/day) (/day) (/day) (/day) mg/it2 /day mg/l mg/ft2/day (mg/l/day) 
4 
10 
11 
Weber River 
Weber River 
Weber River 
Weber River 
Beaver River 
Beaver River 
Beaver River 
Beaver River 
Beaver River 
Weber River 
Weber River 
104.81 .06 . 59 . 33 .0 1 1.50 
99.81 .06 . 59 . 33 .02 
94.81 .07 .68 .24 .01 
92.34 .04 .92 .23 .01 
102.88 .35 .30.29 .02 
100.00 .09 1. 00 .20 .03 
98. 67 .08 .52 . 33 .01 
96.30 .08 . 52 . 33 .01 
92.88 .05 . 68 .32 .01 
90.34 .04 .42 .37 . 01 
87.34 .04 .42 .37 .01 
1. 50 
1. 50 
1. 50 
1. 50 
3.00 
3.00 
3.00 
3.00 
3. 00 
3.00 
. 30 • 00 • 30 . 00 . 00 . 30 . 30 . 00 . 00 . 00 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.30 .00 
.30 . 00 
.30 . 00 
.00 
.00 
.00 
. 30 . 30 
.30 .30 
.30 .30 
· 30 . 00 • 00 . 30 . 30 
. 30 .00 . 00 .30 .40 
· 30 . 00 • 00 . 30 . 30 
· 30 . 00 • 00 . 30 . 30 
.30 .00 .00 .30 . 30 
.30 
.30 
.00 
.00 
.00 .30 .30 
.00 .30 .30 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 I 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
. 00 
aComputer program mneumonics are defined in Table 4 • 
Table 5-c. Average output variable for each reach of the Wanship Subbasin on September 18, 1973. 
Total 
Reach 
River Flow 
Miles (cIs) 
Velocity 
(it/sec) 
Hydraulic a 
Radius Temp 
(ft) (oF) 
TDS 
(mg/I) 
co~;~m CKi b P04 NH 4 CKI0 NO 3 BOD CKL DO DOSA T K2 
No. Name (#/ 100ml) (/day) (mg/l) (mg/l) (/day) (mg/l) (mg/I) (/day) (mg/l) (mg/I) (/day) 
Weber River 
Weber River 
Weber River 
Weber River 
Beaver River 
Beaver River 
Beaver River 
8. Beaver River 
Beaver River 
10 Weber River 
11 Weber River 
104.81 81. 29 
99.81 84.13 
94.81 41. 01 
92.3433. n 
102.88 3.61 
100.00 6.79 
98.67 13.00 
96.30 27.91 
92.88 46.39 
90 .34 86.81 
87.3487.23 
2.48 
2. SO 
1. 66 
2. OS 
.44 
1. 47 
1. 20 
1. 53 
2.3Z 
2. 21 
2.21 
.02 52.00 157. 69 125.97 1. 00 .02 .07 . 20 
.02 52.00 176.07 313.431.00 .02 .06 .20 
. 01 52.00 176.07 462.65 1. 00 .02 .05.20 
.01 52.00 177.49 434. SO 1. 00 . 02 . OS .20 
.02 52.00 79.40 658. 67 1. 00 .00 . os . 20 
.03 52.00 129.66 72656.79 2.00 .03 .06.20 
.01 52.00 182.76 39963.17 2.00 . 01 .04.20 
.01 
.01 
.01 
.01 
52.00 222.14 14037.10 2.00 .05 
52. 00 235. 17 
52.00 217.51 
52.00 2.71 62 
6753.45 2.00 .05 
3180.87 2.00 . 05 
2678.43 2.00 .05 
.03 .20 
.02 .20 
. 0 3 .20 
.03 . 20 
a Note that temperature was not modeled for this subbasin. 
bComputer program rnne~onic8 are defined in Table 4. 
. 04 .05 .20 8.158.5834.76 
. 04 1.23 .20 8.52 8.58 17.73 
.03 1. 48 . 20 8. 54 8. 58 19. 59 
. 03 .07 .20 8. 56 8.58 41.41 
.00 .05 • 20 8.40 8 . 58 15. 25 
.08 1. 20 .27 8.37 8.58 61. 41 
• OS .08 . 20 8 .45 8. 58 22.79 
. 03 1.45 . 20 8. 41 8. 58 14. 57 
.031.43.20 8.428.5820.18 
. 03 . 12 . 20 8. 53 8. 58 36. 07 
.03 .12.20 8.568.5835.95 
.00 .00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
CK2 COEQK2 EXPQK2 
(/day) 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
] [TEMP] 
TAMP 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
on September 1M, 1973. 
Type 
Headwater 
Diversion 
Diversion 
Point Load 
Diversion 
Diversion 
Diversion 
Diversion 
Reach 2 
Headwater 
Beach 3 
Point Load 
Diversion 
Point Load 
Diversion 
Diversion 
R ach 4 
Point Load 
Point Load 
Reach 5 
Point Load 
Point Load 
Point Load 
Point Load 
Diversion 
Diversion 
Diversion 
Diversion 
Diversion 
Diversion 
Point Load 
Name Rivera 
Miles 
Rockport Reservoir 82.69 
Rockport 82.69 
Albert Gibson Ditch 81. 27 
E. Hoytsville Ditch 80 . 98 
Silve r Creek 80. 70 
W. Hoytsville Ditch 78.99 
DW &. Mimichl Ditch 77.85 
Rodeback Ditch 77.57 
Coalville-Hoyt Ditch 77.28 
Rockport 
Cha lk Creek 
Chalk Creek 
Creek Fork 
Pineview Ditch 
Porcupine Creek 
77.00 
93.68 
93 . 68 
93. 18 
92 . 93 
92 . 68 
Banner-Deming Ditch 89 . 68 
Boyer Ditch 
Chalk Creek 
Morby Creek 
Huff Creek 
Chalk Creek 
Clark Canyon 
Middle Canyon 
South Fork 
Turner Hollow 
Chalk Creek 
No . Narrow Ditch 
88.68 
88 . 68 
86.68 
84. 18 
83 . 68 
81. 93 
8 1. 43 
79.43 
79.18 
78.68 
77.18 
Robinson Bros. Ditch 76.43 
No. Upper Chalk D. 77.43 
So. Upper Chalk D. 75.18 
Mid. Chalk Crk. E. 74.18 
Chalk Creek 
City Ditch 
CoalviLLe WWTP 
Weber River 
73.68 
72.59 
72.04 
71. 86 
Flow b 
(ds) 
TDS 
(mg/l) 
Total 
Coliform 
MPN 
( till OOm l) 
153.00156. 00 390.00 
3.87220.00 99999.00 
.00 
9 .00 
10.00 436.00 
7.00 
3.20 
4 .10 
2 . 90 
4300. 00 
3 . 50220 .00 99999.00 
17.00327.00 23000.00 
5.85 465.00 .00 
5.00 
2. 70 
.50 
.70 
.90 
.00 
.00 
5.85 465 .00 
.50 465 .00 
1.004 65 .00 
5.85 465.00 
. 00 465.00 
.50 465 .00 
2.00 .00 
.00 .00 
5.85 465.00 
1. 80 
1. 08 
2.20 
.70 
2. 70 
2.13465.00 
1. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.30652.00 99999.00 
. 00 284. 00 . 00 
. 10 
.00 
.24 
.00 
.00 
.85 
.00 
.00 
.<85 
.00 
.00 
. 85 
.00 
.00 
.00 
.00 
.85 
.85 
11. 50 
.00 
M4 
(mg/l) 
.13 
.00 
.09 
.00 
.0 6 
.35 
.00 
.00 
.35 
.00 
.00 
. 35 
.00 
.00 
.00 
.00 
.35 
.35 
8. 50 
.00 
N03 
(mg/l) 
. 15 
.00 
.00 
.00 
.00 
.66 
.00 
.00 
. 66 
.00 
.00 
.66 
.00 
.00 
.00 
.00 
. 66 
. 66 
1. 85 
.00 
BOD 
(mg/l) 
1. 25 
18.75 
1. 25 
18.75 
.63 
2. 25 
2. 50 
1. 28 
2. 25 
1. 25 
1. 25 
2. 25 
.00 
1. 25 
2. 50 
.00 
2. 25 
2.25 
38. 75 
2. 25 
DO 
(mg/l) 
6.3 6 .00 
9. 00 . 00 
8. 20 
9.00 
7.95 
9. 00 
8.00 
8 .00 
.00 
.00 
.00 
.00 
.00 
.00 
9.00 .00 
8 .00 .00 
9.00 .00 
9.00 .00 
. 00 .00 
8 . 00 .00 
8 . 00 .00 
.00 
9.00 
9.00 
1. 00 
9 . 00 
.00 
.00 
.00 
.00 
.00 
a River miles tabulated correspond to the nearest computational element. For reaches the upstream mileage is shown . 
bFlows tabulated are: for headwater Hows -- the inflow; for reaches -- the total lateral inflow; for point loads -- the inflow; 
for diversions -- the outflow. 
c Note that the temperature model was not used for this subbasin. By inputing a temperature of OOF the program defaults to 
using a constant 60 0 F temperature. 
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Table 6-b . Coefficient values for each reach of the Coalville Subbasin . 
Reach H yd rau lic 
Manning's 
Total 
Average Coliform 
][ BOD 1 [ 
No. Name River 
Miles 
Slope CK3a 
(ft. /ft. ) (/day) 
CK7 CSP CK10 CKA1 CSN CKA3 CKL CKSE CS~ 
(/day) mg/ft2 /day (/day) (/ day) (/day) (/day) (/day) (/day) mg/ft /day 
TARG 
mg/l 
Rockport 
Rockport 
Chalk Creek 
Chalk Creek 
Chalk Creek 
Chalk Creek 
Chalk Creek 
82.69 
77.00 
93.68 
88.68 
83.68 
78 . 68 
73. 68 
71. 86 
.03 .70 . 35 .0 6 1. 50 . 30 . 00 . 30 . 00 . 00 . 30 . 30 .00 . 00 .00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
4 
Weber River 
.03 
.10 
.10 
.10 
.35 
. 35 
.40 
.35 .39 
.38 .39 
.38 .39 
.38 .39 
.61 . 45 
. 61 .45 
.35 .39 
aComputer program mnewnonics are defined in Table 4 . 
. 08 
.14 
.14 
.14 
.31 
.31 
.31 
1. 50 
I. 50 
1. 50 
1. 50 
1. 50 
1. 50 
1. 50 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
Table 6-c. Average output variables for each reach of the Coalville Subbasin on September 18, 1973. 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
Reach 
River Flow 
Miles (ds) 
Velocity 
(ft/sec) 
Hydraulic 
Radius Tet:rlla 
(ft) (OF) 
TDS 
(mg/!) 
Total 
Coliform 
MPN CK4b P04 NH4 CK10 
No. Name ( / 100ml) (/day) (mg/l) (mg/l) (/da y) 
Rockport 
Rockport 
Chalk Creek 
4 Chalk Creek 
Chalk Creek 
Chalk Creek 
Chalk Creek 
Weber River 
82. 69 1 50.94 
77. 00 142. 50 
93. 68 22. 60 
88. 68 27.60 
83.68 35.17 
78. 68 39.34 
73.68 37.93 
71. 86 182.79 
3.95 
2.42 
1. 29 
1. 40 
1. 53 
3.25 
3.20 
2.67 
.8358.00 169.33 
1. 24 58.00 175 . 88 
17 65.72 1.1 6 .10 
3882. 65 1. 1 6 . 10 
.81 58.00 278.39 13553.5 6 1. 16 .10 
.9158.00 316. 46 7905.9 6 1.1 6 .25 
1.04 58.00 343.82 4863.16 1.16 .32 
1. 03 58.00 348.26 3343 . 14 1. 1 6 .37 
1.02 58.00 360.15 2936.59 1.1 6 .42 
1.71 58.00 216.16 4393.70 1.1 6 .18 
a Note that temperature was not modeled for this subbasin. 
bCo~puter program mnewnonics are defined in Table 4. 
.13 .23 
.12 .23 
.08 .23 
.13 .23 
.1 6 .23 
.17 .23 
.20 .23 
.14 .23 
.30 
.30 
. 30 
.30 
. 30 
.30 
.30 
.30 
.30 
.30 
. 30 
.30 
.30 
.30 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
N03 BOD CKL DO DOSA T K2 
(/day) (mg/l) (mg/!) (/day) (mg/l)(mg/l) 
· 14 1. 17 .23 7. 69 8.03 55.33 
· 13 1. 48 . 23 
.08 .92 .23 
. 201.07.23 
.2 6 1.15.23 
· 30 1. 24 .23 
. 33 1. 32 .23 
.18 .79 .23 
8.01 8 . 03 17.44 
8.04 8.03 19.39 
8.06 8.03 19.31 
8.058.0315. 09 
8.05 8 .03 3 1. 54 
8 .0 5 8.03 3 1. 67 
8.01 8.03 11. 21 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
DO 
CPR K 20PT 
(mg/l/day) 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
CK2 
(/da y) 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
COEOK2 EXPQK . 
.00 .00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
00 
. 1)0 
.00 
.00 
.00 
.00 
.00 
.00 
Table 7_a • Input variables. consisting o{ constituent loading and specified flows. {or the Park City Subbasin -
Silver Creek On September 18. 1973. 
Type Name 
Headwater Empire Creek 
Reach 1 Empire 
Reach 2. Silver Creek 
Reach 3 Marsh 
Reach 4 Silver Creek 
Point Load Dority Spring 
Reach 5 Marsh 
Diversion 
Diversion 
Irrigation 
Silver Creek 
Irrigation 
Point Load Atkinson Spring 
Reach 7 Silver Creek 
Point Load Tollgate Canyon 
Point Load A lexander Canyon 
Rivera 
Miles 
Flowb 
(ds) 
Total 
TDS Coliform 
(mg/l) MPN 
(,/I00ml) 
98.18 .06 32.8.00 150.00 
98. 18 .57 332. . 00 30700.00 ... 
95.00 . 64 50S.00 6900.00 
93.83 . S4 SOS.OO 6900.00 
93. SO . S7 50S.00 6900.00 
93 . 30 3.00 50S. 00 6900.00 
92..70 .36 SOS.OO 6900.00 
92..4S 1. SO 
92..2.0 3. 69 SOS.OO 6900.00 
90 . 64 1. SO 
88.04 . 10 .00 6900.00 
87. 00 3.41 32.4.00 6900. 00 
86. 07 . 30 . 00 . 00 
83. 2.8 . 30 . 00 . 00 
P04C NM4c 
(mg/l) (mg/l) 
N03c BOD DO 
(mg/l) (mg/l) (mg/l) 
4.38 
2..10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
9.20 .00 
8.00 .00 
8.00.00 
8.00 .00 
8.00 .00 
8.00 .00 
8.00 .00 
8.00 .00 
8.00 .00 
8 . 00 .00 
.00 .00 
.00 .00 
aRiver miles tabulated correspond to the nearest computational element. For reaches the upstream mileage is shown. 
bFlows tabulated a re: {or headwater flows - - the inflow; {or reaches -- the tota 1 latera 1 inflow; {or point loads - - the inflow; {or 
diversions -- the outflow. 
c This constituent was not modeled {or this subbasin. 
:I"lote thst the t emperature mo':!el ....... not used {or this subbasin. By inputing a temperature o{ OOF the program defaults to 
using a constant 600 F 
Table 7-b. CoeHicient values {or each reach o{ the Park City Subbasin - Silver Cree k. 
Reach Hydraulic 
Manning ' s 
Total 
Average Coliform 
1 [ NH b 4 
No. Name River kl Slope CK3a CK7 CSP CKI0 CKAI CSN CKA3 CKL 
Miles (ft. 1ft . ) (/day) 
Empire 
Silver Creek 
Marsh 
Silver Creek 
Marsh 
Silver Creek 
Silver Spring 
98 . 18 
9S.00 
93 . 83 
93 . 50 
92.70 
92.20 
87.00 
. OS 
.04 
. 04 
.04 
.04 
.04 
.03 
1. 03 . 2.9 
.73 .37 
.2.0 . OS 
. 73 .37 
.20 .05 
. 73 .37 
1.08 .34 
aComputer program mneumoncis are defined in Table 4. 
bThis constituent was not modeled for this subbasin. 
.2.2. 
.30 
. 30 
.30 
.30 
. 30 
.16 
2. S 
2.. S 
2. . S 
2.. S 
2.. S 
2. S 
2.. S 
(/day) mg/Ct2./day (/day) (/day) (/day) (/day) (/day) 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
BOD 1 [ 
CKSE CS8 TARG CBU 
(/day) mg/ft 2 /day mg/l mg/ft 2/day 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
DO 
CPR K20PT 
(mg/l/day) 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
CK2 COEQK2 EXPQK2 
(/day) 
2.5.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
)[ 
-
N 
TabLe 7-c. Average output variabLes (or each reach of the Park City - Silver Creek on September 18, 1973 . 
No 
Reach 
Name 
Empire 
Silver Creek 
Marsh 
River Flow 
Miles (cis) 
VeLocity 
(ft/sec) 
.77 
.73 
.21 
Hydraulic 
Radius Tempa 
(ft) (oF) 
.14 64.00 
.30 64.00 
TDS. 
(mg/L) 
331. 13 
393 . 61 
64 .00 444 . 67 
TotaL 
CoLiform 
MPN CK4 b P04 NH4 CK I0 N03 a BOD 
(n/loomL) (/day) (mg/l) (mg/L) (/day) (mg/L) (mg/l) 
20164.68 2 . 2 6 .21 
4 Silver Creek 
Marsh 
98 . 19 . 37 
95.00 1. 01 
93 . 83 1. 80 
93.50 5.15 
92 . 70 4.13 
92.20 5. 06 
87.00 8.71 
1. 33 
.22 
1.32 
2.20 
.41 
.73 
. 65 
. 73 
. 45 
64.00 483.92 
64.00 485 . 85 
14522.44 2.26 
9095.49 2. 26 
nOO.99 2. 26 
6070 . 06 2.26 
4700.32 2.26 
3903 . 27 2.26 
. 30 
.60 
.05 
.09 
.01 
.01 
Silver Creek 
Silver Spring 
a This variabLe was not modelled for this subbasin. 
bComputer program mneumonics are defined in TabLe 4. 
64 . 00 490.45 
64.00 435.76 
TabLe 8-a. lnput variabLes, consisting of constituent Loading and specified flows, for the Park City - Spiro Spring-East Canyon 
Creek System on September 18, 1973 . 
Type 
Headwater 
Name 
Spiro Tunne 1 
Spiro 
McLeod 
Rivera 
Miles 
Flow b TDS 
(cis) (mg/l) 
85.81 10 . 00 760.00 
85.81 .28 125.00 
85.00 1. 90 125.00 
Total 
Coliform 
MPN 
(o/lOOml) 
.00 
.00 
.00 
P04 NM4 
(mg/l) (mg/l) 
.15 
1. 50 
1. 50 
.00 
.00 
.00 
Point Load Park City WWTP(P6) 84.12 .47400.00430000.00 12.25 9 . 80 
Point Load McLeod-Prospect Sp 84. 00 
Point Load Spring 
Reach 3 McLeod-KimbaLL 
Point Load Kimba LL Creek 
Point Load Ditch 
Diversion Irrigation 
Reach 4 KimbaLL 
Point Lo ad White Pine-East 
Point Load White Pine-West 
East Canyon 
82.87 
82.50 
81. 25 
8 1. 00 
80.75 
80.00 
79.75 
79.00 
78.75 
Point Load East Canyon Creek 78.50 
Point Load WiLLow Drain 
Point Load Murnin Spring 
Point Load Threemile Creek 
78.00 
77.75 
75.25 
Point Load Summit Park Creek 74.25 
East Canyon 
East Canyon 
74.00 
67 . 00 
2.00 453.00 
1. 00 307.00 
2.75 290.00 
1. 00 290.00 
3.10 290.00 
. 85 
.46 290.00 
.50 307 .00 
.50 .00 
1.7 6 307.00 
2.00 .00 
1. 50 196.00 
1. 00 .00 
1. 30 612.00 
1.20 .00 
3 .93 31 1. 00 
2.82 3 11.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
430.00 
.00 
430.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
N03 BOD DO TEMP 
(mg/l) (mg/l) (mg/l) (OF) 
.10 
.50 
.50 
1. 25 
.00 
.00 
5.90 32.50 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
9.00 .00 
9.00 .00 
9.00.00 
8. 50 .00 
8.50 .00 
8.50 .00 
9 . 00.00 
8. 50 .00 
8 . 50 .00 
9.00 . 00 
8. 50 .00 
8.50 .00 
9.00.00 
8 . 50 .00 
8. 50 .00 
8.50 .00 
8. 50 .00 
8.50 .00 
9.00 .00 
9.00 .00 
aRiver miles tabulated correspond to the nearest computational element. For reaches the upstream mileage is shown. 
bFlows tabulated are: (or headwater flows _0 the inflow; (or reaches - - the total lateral inflow; for point loads -- the inflow; 
for diversions -- the outflow. 
c Note that the temperature modeL was not used for this subbasin. By inputing a temperature of OOF the program defauLts to 
using a constant 60 0 F temperature. 
c 
. 27 
.27 7.45 
.27 7.45 
.27 7.63 
.277.49 
.27 7 . 45 
. 27 7.36 
K2 
(/day) 
24.1 .. 
7.38 65.88 
7.38 21. 40 
7.38 23.07 
7 . 38 11.09 
7.38 23. 60 
7.38 62 .07 

Table 9 - a. Input variables, consisting of constituent loading and specified flows, for the Morgan Subbasin on Se ptember 
18, 1973. 
Type Name Rivera 
Miles 
Flowb TDS 
Total 
Coliform 
MPN 
(1I/ 100ml) 
P04 NM4 N03 BOD DOc (ds) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 
Headwater Echo Creek 76.90 2.00 340.00 930.00 .10 
Reach I Echo Creek 76.90 .20 286.00 .00 .00 
Reach 2 Echo Creek 74.90 .20 286.00 .00.00 
Point Load Heiners Creek 74.70 2.00 286.00 13200.00 .02 
Reach 3 Echo Creek 72.90 .20 286.00 .00 .00 
Point Load Sawmill Creek 7l.90 .00286.00 .00 .00 
Reach 4 Echo Creek 70.90 .20 286.00 .00.00 
Reach 5 Echo Creek 68.90 .1 6286.00 .00 .00 
Headwater Echo Reservoir 68 .03 368.30 228.00 930.00 .05 
Reach 6 Weber River 68 .03 .12228.00 .00 .00 
Diversion Echo-Ca rmin Ditches 67 .89 .00 
Diversion 
Diversion 
Weber River 
Weber River 
Henefer Irrigation 
Weber Basin 
Ta ylor Shill &. 0 
Point Load Owens Creek 
Weber River 
Point Load Henefer WWTP 
Diversion Stephens Ditch 
Point Load Harris Creek 
Headwater Lost Creek Dam 
Reach 12 Lost Creek 
Point Load Little T ra it Creek 
Diversion Eddington Ditch 
Lost Creek 
67 .35 
65 .35 
64.75 
63 .35 
63 .1 5 
61. 75 
61. 35 
61.1 5 
60.35 
59.35 
70.64 
70.64 
70.04 
69.84 
68.64 
Point Load Hell &. Paradise Can. 68.44 
Diversion C. Toone Ditch 
Reach 14 Lost Creek 
Point Load Toone Canyon 
Point Load Rocky Canyon 
Diversion Rust Ditch 
Lost Creek 
68 .24 
66.64 
66. 44 
66. 24 
65. 84 
64.64 
Point Load Guilde r Sleeve Cana I 63. 84 
Diversion L. Toone Ditch 
Reach 16 Lost Creek 
Point Load Cedar Creek 
63 .64 
62 . 64 
62.24 
Diversion Thackeray-Crouch D. 62 . 04 
Diversion Croydon Canal 
Reach 17 Lost Creek 
Point Load Folley Canyon 
Diversion 
Diversion 
Reach 19 
Reach 20 
Croydon Cana 1 
Lost Creek 
J. Toone Ditch 
Lost Creek 
Weber River 
61.04 
60. 64 
59.64 
59.04 
58.64 
57.98 
57.82 
57.12 
Point Load Q Cottonwood Canyon 55.52 
Reach 21 Weber River 
Point Load Sharps Hollow 
55.12 
53.52 
.34 240.00 
.34 240.00 
II. 60 
.34 240.00 
.90 
.00 240.00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
. 34 250.00 100000.00 .00 
1. 50 1100.00 5000.00 .01 
.00 
1.00 250.00 20000.00 .00 
44. 00 270. 00 . 00 . 11 
.00 250.00 .00.00 
.00 250.00 .00.00 
.00 
.00 250.00 
.00 250.00 
.00 
.00 250.00 
.00 250.00 
.00 250.00 
.00 
.00 250.00 
.00 250.· 00 
.00 
. 00 250.00 
.00 250 . 00 
.00 
2.20 
.00 250.00 
.00 250.00 
2.20 
. 00 250.00 
.00 
.00 .00 
.00 .00 
.00 . 00 
.00 .00 
.00 . 00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
4.59 605.00 9500.00 .00 
• 34 250.00 . 00 . 00 
.00 250.00 
.34 250.00 
.00 3000 . 00 
.00 . 00 
.00 .00 
. 00 .00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.08 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
. 00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.35 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
1. 38 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
2.13 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
1. 25 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
5.63 
.00 
. 00 
62.50 
·00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
aRiver miles tabulated correspond to the nearest computational element. For reaches the upstream mileage is shown. 
bFlows tabulated are: for headwater flows -- the inflow; for reaches -- the total lateral inflow; for point loads -- the inflow; 
for diversions - - the outflow. 
c This constituent was not modeled for this subbasin. 
d Note that the temperature model was not used for this subbasin. By inputing a temperature of OOF the program defaults 
to using a constant 600 F temperature. 
Table 9-a. Continued. 
Total 
Type Name Rivera 
Miles 
Flow b 
(cfs) 
TDS Coliform 
(mg/l) MPN 
P04 NM4 
(mg/l) (mg/l) 
Reach 22 Weber River 
Point Load Cooper Gulch 
Point Load Tunnel Hollow 
53 .1 2 
52.52 
52.32 
Diversion Round Va lley Ditch 51.92 
Point Load Phil Shop Hollow 
Reach 23 Weber River 
Diversion 
Diversion 
Diversion 
Diversion 
Diversion 
Yency Hollow 
Weber River 
No. Morgan Canal 
Weber Canal 
Morgan Canal and 
Heiner P. 
Morgan Mill Race 
Weber River 
51. 72 
51. 12 
50.92 
49.12 
48.92 
48.72 
48.12 
47.32 
47.12 
Point Load Heiner, Long, and 46.86 
John 0 
Headwater 
.34 250.00 
.00 300.00 
.00 300.00 
6.00 
.00 300.00 
.34 250.00 
.00 
· 34 250.00 
2.00 
4.30 
3.50 
3.20 
. 44 250.00 
1. 80 .00 
20.00 352.00 
( '/lOOml) 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
23.00 .36 
Reach 26 
Reach 27 
Reach 28 
East Canyon Dam 
East Canyon 
59.33 
59.33 
57.33 
55.33 
.14 86.00 20000.00 .00 
East Canyon 
· 14 86.00 20000.00 .00 
East Canyon 
.14 86.00 20000.00 .00 
Dive rsion E. Porterville Canal 54.73 .00 
East Canyon 53.33 
51. 73 
51. 33 
.14 86.00 20000.00 .40 
Diversion E. Richville Canal .00 
East Canyon 
.14 100.00 20000.00 .40 
Dive rsion W. Richville Canal 50.93 .00 
Point Load Hardscrabble Creek 50 . 73 J.50 700.00 30000.00 .70 
Reach 31 East Canyon 49.33 .14 250.00 .00.00 
Diversion Welsh Field D. 48.93 .00 
Diversion Littleton-M. Ditch 47.53 .00 
Reach 32 East Canyon 
Reach 33 Weber River 
Point Load Deep Creek 
47.33 
44.55 
44.15 
· 20 250.00 
6.10 250.00 
.00 300.00 
Diversion System of 4 Ditchs 43.95 11. 60 
Diversion Smith & Pentz D. 43. 55 1. 00 
Diversion Stoddard Div. 42.95 315.00 
Reach 34 W ebe r Rive r 
Point Load Stodda rd SI. 
Point Load Smiths Creek 
Point Loa'd Dalton Creek 
Diversion Peterson Ditch 
Reach 35 Weber River 
Point Load Peterson Creek 
Weber River 
Point Load Wooley Ditch 
Point Load Bohman Hollow 
Reach 37 Weber River 
Point Load Cottonwood Creek 
Point Load Jordan Creek 
Reach 38 Weber River 
Point Load Jacobs Creek 
Point Load Strawberry Creek 
Point Load Gateway Return 
42.55 
41. 95 
41. 35 
40.95 
40.75 
40 . 55 
38.55 
38.55 
37.95 
6.10 250.00 
10.00 300.00 
.00 300.00 
.00 300 .00 
.00 
6. 10 250.00 
.00 300.00 
6.10 250.00 
,00 
36.95 .00 300.00 
36.55 6.10 250.00 
35.15 .00 300.00 
34.95 1. 00 300.00 
34. 55 4.51 250.00 
34. 25 . 00 300. 00 
33.96 . 50 300.00 
33.22 200.00 384.00 
.00 .00 
.00 .07 
.00 .00 
.00 .07 
500 . 00 .10 
.00 .00 
.00 .00 
.00 .07 
.00 .00 
.00 .07 
.00 .00 
.00 .07 
.00 .00 
500.00 .07 
.00 .07 
.00 .00 
500.00 .07 
500.00 .07 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.06 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
N03 BOD DOc 
(mg/l) (mg/l) (mg/l) 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 26 
.00 
.00 
.00 
.00 
.00 
.70 
.00 
.00 
.18 
.00 
.18 
.15 
.00 
.00 
.18 
.00 
.00 
.18 
.00 
.15 
.18 
.00 
.15 
.15 
62.50 
.00 
.00 
.00 
62 . 50 
62.50 
.00 
.00 
1. 63 
.00 
.00 
.00 
.00 
.00 
5.00 
.00 
1. 75 
1. 75 
.00 
1. 75 
1. 75 
.00 
.00 
1. 75 
.00 
.00 
1. 75 
.00 
1. 75 
1. 75 
.00 
1. 75 
1. 75 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
aRiver miles tabulated correspond to the nearest computational element. For reaches the upstream mileage is shown. 
bF10ws tabulated are: for headwater flows -- the inflow; for reaches -- the total lateral inflow; for point loads -- the inflow; 
for diversions -- the outflow. 
c This constituent was not modeled for this aubbasin. 
d Note that the temperature model was not uaed for this subbasin. By inputing a temperature of OOF the program defaults 
to using a constant 600 F temperature. 
95 
• 
Table 9-b. Coefficient valuea for each reach of the Morgan Subbasin. 
Reach Hydrau lic Total P0 4' ][ NH4 ] [N0 3] [ BOD l[ DOb 
MaDDing 'a Average Coliform 
No. Name River k k2 Slope CK3a CK7 !:<f' CKI0 CKA I CSN CKA3 CKL CKSE C¥ TARG C~U CPR K20PT CK2 COEQK2 EXPQK2 
Milel 1 (ft. 1ft.) (/day) (/day) mg/ft lday (/day) (/day) (/day) (/day) (/day) (/day) mg/ft Iday mg/l mg/ft lday (mg/i / day) (/day) 
Echo Creek 76.90 .07 .82.39 .01 1. 50 .30 .00 .60 . 00.00.30.30.00 .00 
10 
·11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
Echo Creek 74. 90 
Echo Creek 72.90 
Echo Creek 70.90 
Echo Creek 68. 90 
Weber River 68. 03 
Weber River 67.35 
Weber River 65.35 
Weber Balin 63.35 
Weber River 61. 35 
Weber River 59.35 
Lolt Creek 70. 64 
Lolt Creek 68. 64 
Lolt Creek 66. 64 
Lolt Creek 64. 64 
Lolt Creek 62. 64 
Lolt Creek 60. 64 
Lolt Creek 58. 64 
Lolt Creek 57.82 
Weber River 57.12 
W·eber River 55.12 
Weher River 53.12 
Weber River 51.12 
Weber River 49.12 
WeberRiver 47.12 
Eaat Canyon 59.33 
Ealt Canyon 57.33 
Ea.t Canyon 55.33 
Ealt Canyon 53. 33 
Ealt Canyon 51. 33 
Ealt Canyon 49.33 
Ealt Canyon 47.33 
Weber River 44.55 
Weber River 42.55 
Weber River 40.55 
Weber River 38.55 
Weber River 36.55 
Weber River 34.55 
.08 .82 .39 .01 
.08 .82 . 39 .01 
.08 .82 .39 .01 
.08 .76 .36 .01 
.03 .46 .38 .01 
.02 .58 . 36 .01 
.02 . 58 .36 .01 
.02 • 58 .36 .01 
.02 . 62 .30 .01 
.07 .22 .40 .01 
.04 .92 .32 .01 
• 05 • 87 • 3Z • 01 
.05 .84 . 32 .01 
.05 .82 . 31 . 01 
.05 .79 .31 .01 
.04 .77 .31 .01 
. 04 .74 .30 .01 
.04 .74 .30 .01 
.06 . 55 .30 .01 
.05 . 54 .29 .00 
.05 .53 .29 .00 
. 04 . 52 . 28 . 00 
.05.51 . 28 .00 
.05 .46 .30 .00 
.031.00 . 36 .02 
.03 .97 .35 .01 
.03 .94 .35 .01 
.02 .92.35 .01 
.02 .76 .26 .01 
. 04 .89 .35 .01 
.05 .86 .34 .00 
.05 • 33 .3Z .00 
.05 .33 .32 .04 
.04 .30 .32 .01 
.03 .28 .32 .01 
.02 1. 40 .3Z .01 
.02 . 28 .37 .01 
aComputer program mneumoni,,1 are defined in Table 4. 
hTbiI ccmmtuent wal not modeled for this aubhaain. 
1.50 .30 
1.50 .30 
1.50 .30 
1. 50 .30 
1.50 .30 
1. 50 .30 
1. 50 .30 
1.50 
1. 50 
I. 50 
1. 50 
I. 50 
1. 50 
1. 50 
1. 50 
1. 50 
I. 50 
1. 50 
1. 50 
1. 50 
1."50 
1. 50 
I. 50 
I. 50 
I. 50 
1. 50 
1. 50 
I. 50 
1. 50 
1. 50 
1.50 
I. 50 
1. 50 
1. 50 
1.50 
1. 50 
1. 50 
.~ 
.~ 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.30 
.~ 
.30 
.30 
.30 
.30 
. 60 
.60 
.60 
.60 
.60 
.60 
.60 
.~ 
.30 
.30 
.30 
.30 
.30 
.~ 
.00 
.00 
.00 
.00 
.00 
.00 
.~ 
.~ 
.00 
.~ 
.~ 
.~ 
.~ 
.~ 
.00 
.00 
.~ 
.~ 
.~ 
.00 
.~ 
.R 
.00 
.00 
.~ 
.~ 
.00 
.00 
.~ 
.00 
.00 
.~ 
.00 
.~ 
.~ 
.~ 
.00 
• 60 . 00 . 00 . 30 . 30 . 00 
• 60 . 00 . 00 • 30 . 30 . 00 
• 60 . 00 . 00 . 30 . 30 . 00 
· 60 . 00 . 00 . 30 . 30 . 00 
· 60 . 00 . 00 . 30 . 30 . 00 
· 60 . 00 . 00 . 30 . 30 . 00 
· 60 • 00 . 00 . 30 . 30 . 00 
• 60 . 00 • 00 . 30 • 30 . 00 
• 60 .00 • 00 . 30 . 30 . 00 
• 60 • 00 . 00 • 30 . 30 . 00 
· 60 . 00 . 00 . 50 . 30 . 00 
· 60 . 00 . 00 . 50 . 30 . 00 
• 60 .00 .00 . 50 . 30 . 00 
· 60 . 00 . 00 . 50 . 30 . 00 
· 60 . 00 . 00 . 50 • 30 . 00 
· 60 . 00 • 00 • 50 . 30 . 00 
· 60 . 00 . 00 . 50 • 30 . 00 
• 60 .00 .00 .50 . 30 .00 
· 60 .00 . 00 • 30 • 30 • 00 
.60 .00 
.60 .00 
.60 .00 
.60 .00 
.60 .00 
.60 .00 
.60 . 00 
.60 . 00 
.60 . 00 
.60 .00 
.60 .00 
.60 .00 
.60 .00 
.60 .00 
.60 .00 
.60 .00 
.60 .00 
. 60 .00 
.00 .30 . 30 
.00 .30 .30 
. 00 . 30 .30 
.00 . 30 . 30 
.00 .30 . 30 
.00 .60 .60 
.00 . 60 . 60 
.00 .60 .60 
. 00 .60 . 60 
. 00 .60 . 60 
.00 . 60 .60 
.00 .60 .60 
.00 .30 .30 
.00 .30 .30 
.00 .30 .30 
.00 .30 .30 
.00 . 30 . 30 
.00 .30 .30 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
. 00 
. 00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.~ 
.00 
.00 
.00 
. ~ 
.00 
.~ 
. ~ 
.~ 
.00 
.00 
.00 
.~ 
.~ 
.~ 
.00 
.00 
.~ 
.~ 
.00 
.00 
.00 
.00 
. ~ 
. ~ 
.~ 
. 00 
.~ 
.~ 
. ~ 
. ~ 
. 00 
.~ 
.~ 
.~ 
.~ 
If TEMP J 
TAMP 
.00 
.~ 
.~ 
.~ 
.00 
.~ 
.~ 
.00 
.~ 
.~ 
.00 
.00 
.~ 
.~ 
. ~ 
.00 
.00 
.~ 
.00 
.00 
.00 
.~ 
.~ 
.~ 
.00 
.~ 
. 00 
.00 
. 00 
. 00 
.00 
. 00 
.~ 
.~ 
. 00 
.~ 
. ~ 
.00 
Table 9-c. Average output variables Cor each reach oC the Morgan Subbasin on September 18, 1973. 
No. 
Reach 
Name 
Echo Creek 
Echo Creek 
Echo Creek 
Echo Creek 
Echo Creek 
Weber River 
Weber River 
Weber River 
Weber Basin 
10 Weber River 
11 Webe r River 
12 Lost Creek 
13 Lost Creek 
14 Lost Creek 
15 Lost Creek 
1 6 Lost Creek 
17 Lost Creek 
18 Lost Creek 
19 Lost Creek 
20 Weber River 
21 Weber River 
22 Weber River 
23 Weber River 
24 Weber River 
25 Weber River 
26 East Canyon 
27 East Canyon 
28 East Canyon 
29 East Canyon 
30 East Ca n yon 
31 East Canyon 
32 East Canyon 
33 Weber River 
34 Weber Rive r 
35 Weber River 
36 Weber River 
37 Weber Rive r 
38 Weber River 
River 
Miles 
76.90 
Flow 
(ds) 
2. 11 
74 . 90 43.10 
72.90 4. 5 1 
70.90 4.71 
68.90 4.89 
Velocity 
(ft/sec) 
1. 10 
1. 45 
1. 48 
1. 50 
1. 35 
68.03 368.36 4.32 
67.35 373.56 4.8 1 
65.35 364.62 4 .7 6 
63 . 35 361. 74 4.75 
61. 35 363 . 68 
59.35 364.94 
3.59 
2.28 
70. 64 44.00 3.09 
68 . 64 44. 00 2 . 9Z 
66. 64 44.00 2.79 
64. 64 44.00 2. 67 
62. 64 43. 34 2. 54 
60.64 41. 14 2.39 
58. 64 39. 60 2. 25 
57.82 49.36 2.27 
55 . 12 409.49 3. 20 
55. 12 409. 83 3.09 
53. 12 407.17 2.97 
51.1 2 404.51 2.86 
49 .12 39 6. 24 2.74 
47. 12 390.44 2.76 
59. 33 20. 08 2. 92 
57. 33 ZO.22 2.81 
55.33 20.36 2.72 
55.33 20 . 50 2. 65 
51. 33 21. 84 1. 71 
49.33 22.28 2. 61 
47.33 22.45 2.51 
44.5 5 3"12.15 
42 . 55 103.03 
40.55 111.13 
38.55 Ill. 23 
36.55 123.63 
34. 55 1 69 . 9 1 
2.02 
1. 42 
1. 34 
1. 24 
6.42 
1. 88 
Hydraulic 
Radius 
(Ct) 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
. 01 
.01 
. 01 
.01 
.01 
.01 
. 01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.02 
.01 
.01 
.01 
.01 
.01 
. 01 
. 01 
.04 
.01 
.01 
.01 
.01 
a This variable was not modeled Cor this subbasin. 
bComputer program mneuntonics are deCined in Tab le 4. 
TDS 
(mg/ l) 
Total 
Coliform 
MPN CK4 b P04 NH4 CKI0 N03 BOD CKL DO a DOSAT a K2 a 
(I/I00ml) (/day) (mg/l) (mg/l) (/day) (mg/l) (mg/l) (/day) (mg/l) (mg/l) (/day) 
55.00 337.16 825.22 1.08 .09 .00 .43 .00 . 14 .22 
55.00 311.06 6207.39 1.08 .0 5 
55.00 309.95 5425 . 24 1. 08 .0 5 
55.00 308 . 92 4750.88 1. 08 .05 
55.00 308.11 4233.96 1. 08 .05 
55. 00 228. 00 924 . 56 1. 08 .05 
55 . 00 229.06 932.27 2.15 .05 
55 .00 229.07 881. 79 2.1 5 .0 5 
55.00 229.09 833 . 64 2.15 .05 
55.00 232.70 869.38 1.08 .05 
55. 00 232.76 967.27 1. 08 .05 
55.00 270.00 .00 1. 08 .11 
55.00 270.00 .00 1.08 . 11 
55.00 270 . 00 .00 1.08 . 10 
55.00 270 .00 .00 1.08 .10 
55.00 270.00 .00 1.08 .10 
55. 00 270 . 00 .00 1. 08 . 10 
55. 00 270.00 .00 1.08 .10 
55.00 291. 50 603.95 1. 08 .09 
55.00 240. 5 961.10 1.08 .0 5 
55.00 240.56 921.04 1. 08 .05 
55.00 240.56 881. 29 1. 08 .0 5 
55. 00 240. 57 841. 7 6 1. 08 .05 
55.00 240.58 802. 56 1. 08 .05 
55.00 241. 70 762.1 9 1.08 .05 
55. 00 350.98 97.621.08.35 
55.00 349. 15 227.62 1. 08 .34 
55.00 347.34 349. 54 1. 08 .33 
55.00 345. 55 463.53 1. 08 .32 
55.00 363. 15 2102.52 1. 08 .33 
55.00 366.81 2388. 79 1. 08 . 33 
55. 00 365 .93 2228.45 1. 08 . 31 
55.00 248.47 784.00 1. 08 .06 
55 . 00 252.44 671. 43 1. 08 .06 
55.00 253.26 573.48 1. 08 . 0 6 
55.00 253.09 491.13 1.08 .0 6 
55. 00 253.05 438.22 1. 08 .06 
55.00 269.06 418.21 1.08 .06 
17 
.00 .43 
. 00 .43 
.00 .43 
. 00 .43 
.08 . 43 
.08 .43 
.08 .43 
. 08 .43 
.08 .43 
. 07 .43 
.00 .4 3 
.00 .43 
.00 .43 
.00 .43 
. 00 .43 
.00 .43 
.00 .43 
.00 .43 
.0 6 .43 
.0 6 .43 
.0 6 .43 
.06 .43 
.0 6 .43 
.06 .43 
.06 .43 
.06 .43 
.06 .43 
.06 .43 
.05 .43 
.05 .43 
.05 .43 
. 06 .43 
.05 .43 
.04 .43 
.04 .43 
.04 .43 
.03 .43 
.00 
. 00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.05 . 22 
.05 .22 
.06 .22 
.04 .22 
. 17 .22 
.17 .22 
.17 .22 
.17 .22 
.1 6 .22 
.1 6 .22 
.35 .1 0 .22 
.34 .1 0 .22 
.33 . 10 . 22 
.33 .10 . 22 
.32 .10 .22 
. 31 . 10 . 22 
.30 .19 . 22 
.28 1. 17 .22 
.0 3 1.58. 22 
.03 1. 61 .22 
. 03 1. 64 .22 
. 03 1. 66 . 22. 
.03 1. 69 .22 
.03 . 17 .22 
.26 .13.43 
.25 .13 .43 
.24 .12 .43 
.24 .12 . 43 
.25 .25 .43 
.25 .13 .43 
.24 .13 .43 
.05 
.0 6 
.07 
.08 
.08 
.09 
.17 .22 
.1 6 .22 
.1 6 .22 
. 15 .22 
.1 5 .22 
.15 .22 
Table 10-a . Input variables, consisting of constituent loading and specified flows, for the Ogden Subbasin on September 
18, 1973. 
Total 
Type Name Rivera 
Miles 
Flow
b 
(ds) 
T . D. S. Coliform PO 4 
(mg/l) M. P. N . (mg/l) 
(U/lOOml) 
NH4 
(mg/l) 
N03 
(mg/l) 
BOD 
(mg/l) 
DO TEMpc 
(mg/l) (OF) 
Headwater 
Reach 1 
Point Load 
Reach 2 
Diversion 
Diversion 
Point Load 
Point Load 
Point Load 
Diversion 
Point Load 
Div rsion 
Headwater 
Dive rsion 
Div rsion 
Reach 4 
Diversion 
Diversion 
Diversion 
Diversion 
Diversion 
Reach 6 
Point Load 
Point Load 
Point Load 
Diver sion 
Diversion 
Point Load 
Point Load 
Reach 7 
Diversion 
Diversion 
Reach 8 
Point Load 
Point Load 
Diversion 
Point Load 
Reach 9 
Reach 10 
Pine View Darn 
Pine View - H6 
Wheeler Cr ek 
Pioneer Tail Ra e 
27 . 00 
27 . 00 
26 . 50 
22.00 
No. Ogd en Canal 21.75 
Farr Orchard Ditch 21.50 
Storm Drain (2) 
Pione r Tail Race 
Irrigation Spill 
21.25 
21.00 
20.75 
Shupe-Mid+Dinsdale 20.50 
Storm Drains 20.25 
Plain City + Mariot 18.50 
Gateway 33 .50 
Gateway - Meridian 33 . 50 
4 Canal System Div. 3J . 50 
Davis - Weber Canal 30 .50 
D-J 
Uinlah Central 
Pioneer Ditch 
Weber Canal Div. 
Riverdale Bench 
Weber Canal 
Rive rdale Power 
30 .00 
29 . 50 
28.00 
27.00 
26.00 
23 . 25 
22 . 25 
Pacific Oil Effluent 22.00 
UPRR Oil Sep . 
UPRR Oil Sep . 
28th St. Storm 
Hooper Canal 
Wilson Canal 
0-6 + 0-7 
21 st St. Storm 
SLatterviLLe Div. 
Willard Div . 
Warren Canal 
Westwater Canal 
Westwater Effluent 
Mill Creek 
Warren Pumps 
Canal Spill 
Reach 9 
Great Salt Lake 
21. 50 
20 . 75 
19 . 50 
19 . 00 
18 . 75 
18.50 
17 . 75 
17 . 50 
17.00 
16.00 
12.50 
12 . 00 
11 . 75 
10 . 25 
7 . 50 
7 . 50 
2 . 50 
8 .00 172.00 
27 . 00 336 . 00 
23 . 00 
93 . 00 
1.00 336 . 00 43000 . 00 
. 02 
.10 
. 30 
. 16 9 . 99 140.00 
2 . 00 
.00 
.00 .00 
139 . 00 139 . 00 
. 00 .00 
2 . 50 
.00 
17.60 
.00 
348.00 288 . 00 
7.00 
11.40 
134.00 
51 . 00 
3.00 284.00 
4 . 70 
2.30 
5. 00 284.00 
4.10 
2 . 00 
. 00 
93 . 00 
.00 
930 . 00 
.00 
.00 
430 .00 
.00 
.00 
.00 
.00 
. 07 
.00 1 . 22 
.00 .00 
23.00 .00 
4 . 50 300 . 00 23000.00 . 50 
. 03 
. 02 
.00 
.01 284 . 00 
.01 292 . 00 
. 00 
66 .00 
26 . 00 
.00 
430 . 00 
430 . 00 
.00 
. 0 6 1608.00 3999999. 00 4 6 . 30 
. 00 .00 
5.00 284.00 
18 . 00 
14.00 
5.00 475 . 00 
30 . 00 1200 . 00 
5 . 00 610.00 
.00 
. 00 .00 
5 . 00 424 . 00 
2 . 50 444 . 00 
. 00 
930.00 
930 . 00 
.00 
.13 
.00 
2300.00 15 . 00 
930 . 00 
.00 
9300.00 
9300 . 00 
. 20 
. 00 
. 00 
.00 
. 00 
.06 
.55 
. 00 
.00 
. 00 
. 00 
.00 
. 00 
. 00 
. 00 
4.00 
2 . 00 
.00 
. 00 
.00 
2 . 00 
. 00 
. 00 
. 00 
1. 80 
.00 
.00 
.00 
.00 
. 10 
. 35 
.50 
.50 
.00 
.10 
.00 
.00 
. 15 
.00 
.00 
.00 
. 30 
.05 
.20 
.00 
1. 875 
1. 38 
1. 88 
1. 375 
.00 
1. 88 
.00 
.00 
1. 75 
I. 88 
1. 63 
I. 88 
1. 88 
. 63 
. 63 
.00 
. 00 162.50 
.00 
. 30 
.10 
.00 
3 .1 3 
1. 99 
2 . 00 56.25 
. 10 
.00 
.10 
. 10 
1. 63 
. 00 
. 63 
. 63 
8 . 90 
.00 
15.00 
.00 
.00 
10 . 00 
.00 
.00 
'15 . 13 
.00 
.00 
.00 
.00 
4.28 
4 . 10 
.00 
. 51 
.00 
.00 
. 00 
. 00 
.00 
. 00 
.00 
. 00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
. 00 
. 00 
. 00 
. 00 
.00 
. 00 
.00 
.00 
.00 
. 00 
. 00 
.00 
.00 
.00 
aRiver miles tabulated correspond to the nearest computational element. For reaches the upstream mileage is shown. 
bFlows tabulated are: for h eadwater flows -- t he inflow; for reaches -- the total lateral infLow; for point loads -- the 
inflow; f o r diversion - - the outflow. 
cNote that the temperature model was not used for this subbasin . By inputing a temperature of OOF the program 
defaults to using a constant 60~F temperature . 
Table 10-b. Coefficient va lues [or each reach o[ the Ogden Subbasin. 
No. 
Reach 
River 
Miles 
Pine View H6 27.00 
2 Pioneer Tail Race 22.0 
Gateway - Meridian 33.50 
4 0-1 30.00 
5 Weber Canal Div. 27.00 
Pacific Oil Effluent 22. 00 
7 Slatterville Div. 17.50 
Westwater Canal 12. 50 
Reach 9 7 . 50 
10 Great Sa It Lake 2.50 
Hydrau l ic 
Manning's 
.060 
. 065 
.070 
. 040 
.040 
.040 
.040 
.040 
. 040 
.040 
.8 10 .322 
.440 .390 
.550 .267 
.450 .368 
.450 . 368 
.450 . 368 
.208 .364 
.208 .364 
. 208 .364 
. 208 . 364 
aComputer program mnewnonics are defined in Table 4 . 
Average 
(;tl.or[~. ) 
. 030 
. 011 
.007 
.003 
.003 
.003 
.001 
.0005 
.0005 
.0005 
Total 
Coliform 
CK3a 
(/day) 
2 . 5 
2 . 9 
3.5 
3 . 5 
3.5 
1.5 
3.5 
3.5 
1.5 
1.5 
1 [ BOD l[ DO 
CK7 CSP CKIO CKAI CSN CKA3 CKL CKSE CS8 TARG cau CPR K20PT CK2 COEQK2 EXPQK2 
(/day) mg/ft2 /day (/day) (/day) (/day) (/day) (/day) (/day) mg/ft2 /day mg/l mg/n2/day (mg/l/day) (/day) 
.300 
.300 
.300 
.600 
.600 
.300 
.300 
.300 
.300 
.300 
.0 
.0 
.0 
.0 
. 0 
.0 
. 0 
. 0 
.0 
. 0 
.300 
.300 
.300 
.300 
. 300 
.300 
.300 
.300 
. 300 
.300 
.0 
.0 
.0 
.0 
.0 
. 0 
.0 
. 0 
. 0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
. 0 
.0 
.0 
. 0 
. 300 .300 
.300 .300 
. 600 .300 
.600 .300 
.600 .300 
.300 .300 
.300 .300 
. 300 .300 
.300 .400 
.300 . 300 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
. 0 
.0 
.0 
.0 
.0 
. 0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
. 0 
.0 
.0 
.0 
. 0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
. 0 
Table 10-c. Average output variables for each reach of the Ogden Subbasin on September 18. 1973. 
Reach 
No. Name 
River 
Miles 
Flow 
(ets) 
Velocity H":::i~!C Temp.a T . D.S. 
(ft/ sec) (ft) (OF) (mg /1) 
Pine View He 
Pioneer Tail Race 
Gateway-Meridian 
4 0 - 1 
27.00 23 . 13 
22 . 00 148.41 
33 . 50317 . 34 
30 . 00 205 . 96 
2.23 
3 . 09 
2 . 56 
3.20 
WeberCanalDiv. 27 . 00204. 14 3 . 19 
Pacific Oil Effluent 22 . 00 172. 56 3.00 
Slatterville Div . 17 . 50 254. 98 1.56 
Westwater Canal 12. 50 288 . 58 1. 64 
Reach 9 7.50 295.58 1. 65 
10 Great Salt Lake 2 . 50 299 . 33 1 . 66 
. 03 
.01 
.01 
.00 
60.00 270.61 
60.00 190 . 39 
60.00 285.42 
60 . 00 282 . 84 
.01 60.00 282.86 
.01 60.00 283.27 
. 01 60.00217.68 
. 01 60.00 323.01 
.01 60.00 330 .73 
.01 60 . 00 332.00 
Note that temperature was not modeled for this subbasin. 
b. Computer program mnewnonics are defined in Table 4. 
Total 
C~~~rll'l CK4b P04 NH4 CKIO N03 BOD CKL DO DOSAT K2 
(#/I00ml) (/day) (mg/l) (mg/l) (/day) (mg/l (mg/l) (/day) (mg/1) (mgl1) (/day) 
1758.42 2.04 
846. 11 2.37 
376.91 2.86 
302.43 2.86 
.08 . 06 .25 
.03 .01 .25 
.08 .00 . 25 
.09 .00 .25 
239.552.86 . 09 . 03 . 25 
1028.061.22 . 09.10.25 
1208.42 2.86 . 06 .05 .25 
812.72 2 . 86 1.49 .21 .25 
634.84 1.22 1. 45 . 21 . 25 
636.311.221.38 . 20.25 
.25 
.17 
_15 
. 14 
.07 . 25 8.51 8.38 128.21 
.14 .2 5 9.01 8 . 38 19.83 
.10 .25 12.72 8 . 38 10.88 
.11 . 25 10.21 8.38 10. 74 
. 13 .07 .25 90.08 8.38 10 . 80 
. 13 .46 .25 8.48 8.38 12.25 
.14 .07.25 8 . 418. 38 8 .1 5 
. 32 5 .50 .25 7.40 8.38 3 .1 9 
.32 .28 . 33 7.39 8.38 3.1 4 
. 3 1 .51 .25 7.428.38 3.12 



